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EXECUTIVE SUMMARY 

This Work Plan is intended to describe the Scope of Work for a planned Response 
Action at the Libby, Montana Railyard, herein referred to as the Site. The objective of 
this Response Action is the removal of Libby Amphibole from the surtace of the Site, 
based on analytical data obtained from 2001 through 2004, and visual mapping of 
hydrated biotite that was mapped in October 2001. 

The Response Action will consist of removing yard tracks from the Site, excavating soil 
containing Libby Amphibole from Site soil located beneath the footprint of Tracks 1, 2, 
and portions of Tracks 3,5, and the West Sidings, and capping soil containing Libby 
Amphibole at the remaining locations within the Site. After excavation, soil samples will 
be collected to evaluate whether Libby Amphibole is still present. Remaining material 
containing Libby Amphibole will be excavated. Soil will be transported in lined or 
covered dump trucks to the Lincoln County Landfill for disposal. Excavated areas will be 
backfilled with railroad subroadbed, and selected tracks will be reconstructed. 

Dust suppression and air monitoring will be conducted during rail removal, excavation, 
backfilling, and soil capping operations. 

The Site background is presented in Section 1.0 of this report. The Scope of Site 
Construction is outlined in Section 2.0, and the Sampling and Analysis Plan is outlined in 
Section 3.0. The following relevant documents are attached as appendices: 

A. Asbestos and Other Fibers by PCM (NIOSH Method 7400, lssue2, Revision 3) 
B. AHERA TEM Method (Appendix A to 40 CFR, Chapter 1 , Part 763, Subpart E) 
C. Asbestos (bulk) by PLM (NIOSH Method 9002, Issue 2) 
D. Asbestos Sampling (EPA SOP 2015, Revision 0.0) 
E. General Air Sampling Guidelines (EPA SOP 2008, Revision 0.0) 
F. Surface Soil Sampling (COM Federal SOP 1-3, Revision 4) 
G. Field Logbook Content and Control (COM Federal SOP 4-1, Revision 4) 
H. Sample Custody(CDM Federal SOP 1-2, Revision 3) 
I. Project-Specific Guidance Completion of Field Sample Data Sheets (FSDS) 

(COM Federal Document CDM-Libby-03, Revision 2) 
J. Site-Specific Standard Operating Procedure for Soil Sample Collection 

(COM Federal Document CDM-Libby-05, Revision 1) 
K. Sampling and Analysis- Non-mandatory (U. S. Department of Labor, 

OSHA 29 CFR 1926.1101 Appendix B) 
L. Federal and State Applicable or Relevant and Appropriate Requirements 

(ARARs) 
M. Asbestos Worker Protection; Proposed Rule: 40 CFR Part 763 
N. Key Personnel Resumes 

Significant deliverables for this project are this Work Plan, a Health and Safety Plan, a 
Project Specification, a Draft Report, and a Final Report. 
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1.0 INTRODUCTION 

Kennedy/Jenks Consultants and EMR, Incorporated (EMR) have prepared this Revised 
Response Action Work Plan (Work Plan) for The Burlington Northern and Santa Fe 
Railway Company (BNSF) to remove Libby Amphibole (tremolite/actinolite series) 
asbestos from the surface at the BNSF railyard in Libby, Montana, herein referred to as 
the Site. The Project Specifications prepared by Kennedy/Jenks Consultants in July 
2004 and by EMR in July 2002 (revised in June 2004) should be referenced for 
information and requirements specific to this Work Plan. Kennedy/Jenks Consultants 
prepared Sections 1 and 2 of this Work Plan, and EMR prepared Seclion 3. 

This Work Plan is based on EMR's October 2002 Final Remedial Action Work Plan, 
BNSF Libby Railyard Hydrated Biotite Removal, Libby, Montana. 

All work in this Work Plan is to be completed by the end of December 2004, weather 
permitting, except that construction of replacement tracks may be conducted in the 
spring of 2005. 

The Site location is shown on Figure 1. The Contamination Reduction Zone (CAZ) for 
proposed Site activities is shown on Figures 2, 3, 4, and 5. Figure 6 is a conceptual 
cross section showing proposed excavation and capping. Figures 7, 8, 9, and 10 show 
the areas of proposed excavation and capping. 

1.1 BACKGROUND 

The Libby Railyard was used historically to weigh and switch railroad cars used to ship 
hydrated biotite, which can contain asbestos including asbestiform fibers of tremolite, 
actinolite, richterite, and winchite, referred to in this document as Libby Amphibole. EMR 
previously mapped visible hydrated biotite mica in site soils as an anticipated visual 
indicator of Libby Amphibole. Subsequent laboratory sampling did not indicate a strong 
correlation between visible hydrated biotite mica and detectable Libby Amphibole. 
Therefore, additional sampling conducted in July 2004 will be combined with previous 
sampling conducted by EMR to define the area subject to surtace soil 
excavation/capping. Figures 7, 8, 9, and 10 show the current understanding of the 
anticipated zone of excavation/capping, but they may be subject to modification based 
on soil sampling currently in progress. Track demolition and reconstruction may extend 
beyond the limits of the zone of excavation/capping due to engineering needs for track 
construction that are unrelated to surface soil removal. 

Several options for this Response Action were evaluated in Kennedy/Jenks Consultants' 
June 2004 Evaluation of Conceptual Response Options, BNSF Railyard, Libby, 
Montana. The selected Response Action is a modification of Option 5 in that report. 
Option 5 has been modified to include the removal of Tracks 1, 2, 3, 4, a portion of 
Track 5, and the West Spurs. The footprint of Tracks 1, 2, the westernmost of the West 
Spurs, and portions of Tracks 3 and 5 will be excavated to remove soil containing libby 
Amphibole and backfilled. The remaining surtace soil containing Libby Amphibole 
(Track 4 and portions of Tracks 3 and the West Spur area) will be capped, Tracks 1, 2, 
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the removed portion of Track 5, and one of the West Spurs will be reconstructed. 
Details are provided in Section 2.0. 

1.2 RESPONSE ACTION OBJECTIVES 

The primary objective of this Response Action is to remove or cap surface soil within the 
Libby railyard that contains Libby Amphibole or visible hydrated biotite. Tracks will be 
removed to allow access to soil containing Libby Amphibole. After removal of soil 
containing Libby Amphibole, confirmation soil samples will be collected from the bottom 
of the removal area per Section 3.3 of this Work Plan and submitted for analysis of Libby 
Amphibole (tremolite/actinolite series) ,asbestos by PLM (Method 9002, Issue 2). 
Samples will be sent to EMSL Laboratories via COM Federal Programs Corporation. 

Following removal and capping activities, the railyard will be reconstructed in a 
configuration suitable for current railroad operations. 

1.3 DIVISION OF WORK 

Project construction is divided into three separate phases: 

• Phase 1 - Rail demolition and tie removal. 

• Phase 2 - Soil excavation/removal/capping for surface soil containing Libby 
Amphibole. 

• Phase 3- Track reconstruction. 

Each phase has separate requirements for mobilization/demobilization and health and 
safety monitoring/personnel protection. Air monitoring will be conducted during 
Phases 1 and 2. Soil sampling to evaluate the effectiveness of the Response Action will 
be conducted during Phase 2. Because Site surface soil containing Libby Amphibole will 
be removed or capped with geotextile and imported fill prior to Phase 3, air monitoring 
and soil sampling will not be necessary during track reconstruction. 

1.4 STAKING 

EMR established the lateral extent of hydrated biotite and Libby Amphibole in Site soil, 
predominantly from visual inspection in October 2001 and from soil sampling and 
analysis using polarized light microscopy (PLM) and/or transmission electron microscopy 
(TEM). A grid system was established, and boundaries of visible hydrated biotite were 
staked with metal stakes. This grid system will be utilized to assist in defining the 
removal area in previously identified surface soils. Supplemental soil sampling and 
analysis conducted in July 2004 will be used to identify the western limit of the removal 
zone. 
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1.5 AGENCY OVERSIGHT 

The United States Environmental Protection Agency (EPA) and its contractors will 
coordinate with BNSF, Kennedy/Jenks Consultants and EMR on a daily basis, and are 
responsible tor regulatory oversight of the project. EPA is responsible lor approval of 
this Work Plan and any pertinent changes to the Work Plan, in accordance with BNSF's 
Agreed Order on Consent (AOC) with EPA. EPA and its contractors may stop work if an 
unsafe condition is observed. 

EPA and its contractors will have access to the site (with BNSF, Kennedy/Jenks 
Consultants and/or EMR representatives, except in the case of an emergency). ln the 
case of an emergency when a representative of BNSF or its contractors is not on site, 
and EPA, its contractors, or City of Libby emergency personnel deem immediate access 
to the site is needed, the Agency representatives must immediately contact: 

BNSF Environmental Resource Operations Center at 1·801).832·5452. 

lf the emergency occurs within 25 feet of an active track, it is paramount for the Agency 
representatives to call the Environmental Resource Operations Center at once, then 
make every reasonable effort to contact in-town representatives for BNSF and/or its 
contractors to meet at the site. 
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2.0 SITE CONSTRUCTION 

Construction for Phases 1 and 2 will be conducted with Kennedy/Jenks Consultants 
providing a Resident Engineer on behalf of BNSF. EMR will provide asbestos oversight: 
conduct air monitoring, visual inspection, confirmation sampling, and monitor for visible 
dust or particle emissions. EMR will complete the Daily Soil Removal Report and Daily 
Safety Report with assistance from the Resident Engineer. GPS readings and the grid 
established in October 2001 will be used to determine the location of soil removal, and 
this information will be recorded on the Daily Soil Removal Report. 

BNSF or a separate contractor will perform Phase 3 track reconstruction using its 
standard supervision and safety procedures for railroad construction. No special health 
and safety precautions will be required during track reconstruction because soils 
containing Libby Amphibole will have been removed or contained beneath a geotextile 
fabric and imported fill cap. 

2.1 PHASE 1: RAIL DEMOLITION 

2.1.1 Surveying/Staking 

Prior to rail removal, the lateral extent of rail removal will be identified on the design 
drawings and marked in the field by painting marks on rails at the limits of removal. 

2.1.2 Mobilization 

The Site will contain an Exclusion Zone {EZ) and CRZ. The EZ is the area where work 
is taking place. These areas will be considered the EZ until Phase 2 work is conducted 
as described below. The CRZ includes the personnel decontamination trailer and 
equipment decontamination facilities. The EZ will be demarcated with signage and 
caution tape and/or yellow or white traffic cones. If signage is used, the following 
language will be on the signs: 

"DANGER ASBESTOS 
CANCER AND LUNG DISEASE HAZARD 

AUTHORIZED PERSONNEL ONLY 
RESPIRATORS AND PROTECTION CLOTHING ARE REQUIRED 

IN THIS AREA" 

The EZ is also the regulated area where Phase 2 soil removal activities occur. 
Employees must wear modified Level C personnel protective equipment (PPE) and all 
BNSF PPE inside the EZ. 

A CRZ will be established outside the EZ. Demolition will be conducted so that this zone 
will consist of the area between the EZ and decontamination facilities. A linear corridor 
of traffic cones from the EZ to the decontamination facilities will be established for 
personnel to pass between the EZ and decontamination facilities. The northern 
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boundary of the CRZ will be the property boundary during the demolition phase. The 
CRZ will contain the personnel three-stage decontamination trailer equipment room 
(dirty room, shower, and clean room). The personnel decontamination facilities will be 
located east of the highway overpass and scale house on the northern side of the tracks. 
Personal decontamination procedures are outlined in Section 2.1.1 of Volume Ill, Libby 
Amphibole Health and Safety Plan (HASP). 

Decontamination of rail and associated metallic appurtenances will be conducted within 
the EZ. Therefore, residual material removed from the metallic materials will remain 
within the zone of Phase 2 work and will be subsequently excavated or contained 
beneath a geotextile and imported fill cap. 

The decontamination pad will be within the CRZ. All equipment, including vehicles, 
leaving the CRZ will be decontaminated as described in Section 2.1.2 of the HASP. The 
EMR representative for BNSF will verify that the equipment has been cleaned. The 
equipment decontamination pad will be located east of the highway overpass on the 
northern side of the tracks. 

The project Site (or clean zone) outside the CAZ consists of the rest of the BNSF 
right-of-way and City of Libby property requires modified Level D PPE and all BNSF 
PPE. 

Due to railroad engineering considerations, some rail demolition may occur outside the 
area of surlace soil containing Libby Amphibole. Those areas are not considered to be 
within the EZ, and the contractor will need to take suitable precautions to prevent 
cross-contamination from areas where soil contains Libby Amphibole. 

An activity hazard analysis will be conducted before work begins. A health and safety 
briefing discussing the findings of the activity hazard analysis will then be conducted. 
Daily safety briefings will occur before work begins. Any person new to the Site after the 
daily briefing will need to meet with a Kennedy/Jenks Consultants or EMR supervisor for 
a safety briefing. All work will be conducted in accordance with the Site HASP. 

2.1-3 Demobilization 

After the rail demolition is completed, the equipment will be decontaminated as 
described in Section 2.1.2 of the HASP. The EMR representative for BNSF will verify 
that the equipment has been cleaned. The equipment decontamination pad will be 
located east of the highway overpass on the northern side of the tracks. 

2.1.4 Site Preparation 

2.1.4.1 Utilitv Location. The contractor will schedule and perlorm a utility locate 
through the Montana One Call system prior to beginning work in order to determine 
whether any utilities will need to be addressed during removal activities. In addition, the 
contactor will conduct supplemental utility location through BNSF and private utility 
locating services. 
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2.1.4.2 Asbestos Notification. The demolition contractor will conduct all necessary 
asbestos notifications and secure any permits required from local, state, and federal 
agencies. If notification to the State of Montana is not necessary, a courtesy notification 
should still be conducted. 

2.1.5 Scope of Demolition 

Rails from Tracks 1, 2, 3, 4, the West Spurs, and a portion of Track 5 will be demolished 
as shown on Figures 2, 3, 4, and 5. Removal will include rails, tie plates, spikes, joint 
bars, bolts, and all other metallic appurtenances. Ties may be removed and loaded 
directly into lined railcars, or they may be decontaminated and transported off site. The 
Scale Pit on Track 4 will be decontaminated or demolished and disposed as 
asbestos-containing material, the scale mechanism removed, and the pit backfilled with 
sand or rock. 

Rail will be pressure washed in the immediate vicinity of the point of removal and 
removed from the site. 

Railroad ties within the zone of excavation (Zone 1/2/3) will be removed from the ground. 
Ties will either be loaded directly into lined containers and shipped to a suitable landfill, 
or decontaminated in the immediate vicinity of removal, and then removed from the site 
for disposal. If decontamination is selected, it will be accomplished by pressure washing 
to remove residual soil and Libby Amphibole. All four sides and the ends of the ties will 
be washed; each side will be thoroughly sprayed from one end to the other. The 
contractor has a conveyor device specifically constructed to pressure-wash ties. The 
ties are pulled through a series of pressure nozzles facing all sides, and hand-directed 
washing is available at the end of the belt when needed. The visible soil and debris will 
be removed. Decontamination water will be allowed to infiltrate within the soil near the 
point of removal, and the soil will subsequently be excavated or capped as described 
below. 

If railroad ties are decontaminated, they will either be stockpiled in a clean area for later 
disposal or will be loaded directly into trucks or railroad cars. BNSF will dispose of the 
ties at a tie disposal facility. The likely disposal method will either be chipping and 
incineration or incorporation into a suitable landfill. Any ties that are reloaded into lined 
railcars without decontamination will be disposed into a suitable landfill. The ties will not 
be sold or reused. 

Dust suppression procedures are outlined in Section 2.2 of the HASP. 

2.2 PHASE 2: EXCAVATION, REMOVAL AND CAPPING 

2.2.1 Surveying/Staking 

Prior to excavation, the limits of excavation will be stake"d based on the existing sample 
data and results from the July 2004 sampling event. Figures 6, 7, 8, and 9 depict the 
limits of excavation as they are understood at the time of the creation of this work plan. 
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2.2.2 Mobilization and Setup 

The site will contain an EZ and CRZ as described in Section 2.1.2. The EZ is the area 
where cleanup takes place. After cleaning, these areas will also be considered to be 
EZs until soil sampling results do not detect Libby Amphibole or the cap is constructed. 
The CAZ includes the personnel decontamination trailer and equipment decontamination 
facilities. The EZ will be demarcated with signage and caution tape and/or yellow or 
white traffic cones. Signage will be placed, at a minimum, inside the decontamination 
trailer, at the entry/exit points to the EZ and at the perimeter boundaries. The following 
language will be on the signs: 

"DANGER ASBESTOS 
CANCER AND LUNG DISEASE HAZARD 

AUTHORIZED PERSONNEL ONLY 
RESPIRATORS AND PROTECTION CLOTHING ARE REQUIRED 

IN THIS AREA" 

The EZ is also the regulated area where soil removal activities occur. Employees must 
be in modified Level C personal protective equipment (PPE) with all BNSF PPE inside 
the EZ. 

A CRZ will be established outside the EZ. The limits for the Phase 2 CRZ are shown on 
Figures 2, 3, 4, and 5. The CRZ will contain the personnel decontamination trailer as 
described in Section 2.1.1. Personnel decontamination procedures are outlined in 
Section 2.1.1 of the HASP. 

The vehicle decontamination area will be within the CRZ as described in Section 2.1.2. 
The truck scale will be located outside the CRZ. 

The project site (or clean zone) outside the CRZ consists of the rest of the BNSF 
right-of-way and requires modified Level 0 PPE and all BNSF PPE. 

An activity hazard analysis will be conducted before work begins. A health and safety 
briefing discussing the findings of the activity hazard analysis will then be conducted. All 
work will be conducted in accordance with the Site Health and Safety Plan. 

2.2.3 Demobilization 

After surtace soils containing Libby Amphibole are removed from the Site or capped in 
place, the equipment will be decontaminated as described in Section 2.1.2 of the HASP. 
The EMR representative for BNSF will verify that equipment has been cleaned. The 
equipment decontamination pad will be located as described in Section 2.1.2. 
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2.2.4 Site Preparation 

Utility location and asbestos notification will be conducted by the Phase 2 contractor as 
described in Section 2.1.4 of this report. 

2.2.5 Scope of Excavation, Backfill, and Cap Installation 

Site soil will be excavated or covered with a geotextile fabric and imported fill as shown 
on Figures 7, 8, 9, and 10. Soil within Zone 1/2/3 will be excavated to remove 
detectable Libby Amphibole. Soil within Zones 4 and 6 will be capped in place with 
geotextile and imported fill. Soil within Zone 5 will be excavated where Libby Amphibole 
is present. A conceptual cross section of excavation and capping is shown on Figure 6. 
The approximate areas to be excavated or capped are shown on Figures 7, 8, 9, and 10. 
Dust suppression procedures are outlined in Section 2.2 of the HASP. 

2.2.5.1 Zone 1/2/3. After removal of railroad ties, soil in Zone 1/2/3 will be excavated 
using a backhoe/trackhoe with a straight edged bucket. Conventional construction 
equipment can be used for loading and spreading. Soil containing Libby Amphibole will 
be excavated and placed in lined dump trucks for transport to the Lincoln County 
Landfill. Excavation and truck lining procedures will be conducted in accordance with 
EMR's Volume II, Project Specification, BNSF Libby Railyard Hydrated Biotite Removal, 
Libby, Montana, dated July 2004. Care must be taken to ensure that clean areas do not 
become contaminated again as a result of site activities. Clean areas shall be marked 
with paint, lathe, or other means to ensure that site workers are aware of which areas 
have already been cleaned to depth or capped. All work will proceed from clean to dirty 
areas. 

The depth of excavation is anticipated to range from approximately 6 inches to 18 inches 
below ground surface. The practical vertical limit of excavation will probably be a tan 
clay layer that is believed to represent native soil. It reportedly occurs at a depth ranging 
from 8 inches below ground surface near the eastern end of the railyard to 18 inches at 
the western limit of the probable excavation. Therefore, an average depth of 1.0 to 
1.25 feet of soil will likely be removed. Following excavation to the anticipated depth at 
which soil containing Libby Amphibole has been removed, confirmation sampling will be 
conducted in accordance with Section 3.0. 

After confirmation sampling, in areas where soil containing Libby Amphibole has been 
removed, some additional clean soil may be removed to allow placement of a desired 
thickness of railroad sub-ballast backfill material. Clean soil removed by such 
over-excavation will be disposed as general fill, possibly elsewhere on BNSF property or 
at the Lincoln County Landfill. 

2.2.5.2 Zone 5. Soil or gravel in Zone 5 that contain Libby Amphibole will be 
excavated in accordance with EMR's specifications as identified in Section 2.2.5.1. 
Excavated soil will be replaced with clean backfill similar to the material used to cap 
Zones 4 and 6 as identified below. 
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2.2.5.3 Backfill. The Zone 1/213 excavation will be backfilled with structural fill that 
meets BNSF requirements for railroad sub-ballast. Backfill will be obtained from a local 
source that meets EPA requirements to document absence of Libby Amphibole within 
the backfill material. Backfill will be compacted to standard railroad specifications for 
sub-ballast. The depth of backfill material will be sufficient to provide a final grade that 
allows for placement of ballast and track, while maintaining adequate vertical clearance 
between the tops of the reconstructed rails and the bottom of the Highway 37 overpass 
or other structures that overlie the rails. The minimum allowable vertical clearance is 
23.5 feet above the top of the rail. Figure 6 shows the current vertical clearances 
beneath the Highway 37 overpass, but these will likely be different after construction is 
completed. The final requirements for clearances and, therefore, the appropriate final 
grade of backfill, will be identified in the final design drawings and specifications. 

2.2.5.4 Cap Installation. Zone 4 and 6 soil containing asbestiform fibers will be 
capped in place. Railroad ties will be left in place, and the surface to be capped will be 
covered with geotextile meeting BNSF specifications for ultraviolet light-resistant, 
12-ounce non-woven geotextile. The geotextile will be covered with 12 inches of 
capping material consisting of either sub-ballast or crushed rock meeting Montana 
Highway Department specifications for road sub-grade material . 

Dust suppression procedures are outlined in Section 2.2 of the HASP. 

2-3 PHASE 3: TRACK RECONSTRUCTION 

Track reconstruction will not be conducted until Phase 2 work has been completed in the 
area where track will be reconstructed. Depending upon weather conditions at the 
conclusion of Phase 2 work, Phase 3 work may not be initiated until the following spring. 
BNSF personnel will perform track reconstruction . 

2.3.1 Surveying/Staking 

Upon completion of Phase 2 work, the centerlines of the tracks to be constructed will be 
surveyed and marked using surveyor's whiskers. 

2-3-2 Mobilization 

BNSF track-laying personnel will mobilize and set up using their nonnal procedures. No 
EZ or CRZ will be necessary because Site soil containing Libby Amphibole will have 
already been removed or capped. Track construction will occur only in areas where soil 
removal has been completed. No track will be constructed in capped areas. 
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2.3.3 Demobilization 
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BNSF track-laying personnel will demobilize and set up using their normal procedures. 
No decontamination procedures will be necessary because Site soli containing 
asbestiform fibers will have already been removed or capped. 

2.3.4 Site Preparation 

Track will be reconstructed over clean subgrade material placed during Phase 2 work. 
Utility location will be performed as described in Section 2.1.4. No asbestos notifications 
will be required. 

2.3.5 Scope of Track Reconstruction 

Tracks will be reconstructed at the approximate locations of existing Track 1, Track 2, 
one West Spur, and the portion of Track 5 that will be removed. BNSF will use materials 
suitable for future use of those tracks according to the Railroad's operational and 
engineering needs. Current plans call for installation of previously used concrete ties 
and previously used 136 pound per yard ribbon rail. Four switches will be replaced with 
136 pound per yard rail. The West Spur and replaced portion of Track 5 will be 
constructed with similar rail and ties or new wood ties and rail consistent with the size on 
the remainder of each spur track. The approximate alignment of the reconstructed 
tracks will be the same locations for Tracks 1, 2, 5, and the westernmost of the West 
Spurs as shown on Figures 2, 3, 4, and 5. 

Track will be constructed by placing concrete ties and ralls on the subgrade material. 
BNSF will import suitable ballast material in hopper cars from sources located outside 
the libby area. The ballast will be dumped on the track structure. The ballast will be 
tamped around the ties and the rail structure raised in 2-inch lifts until the desired 
thickness of ballast is achieved. Standard ballast placement and track lining equipment 
will be used. 

Dust suppression will not be necessary for health reasons associated with Libby 
Amphibole because the ballast will be from a source that is distant from the Libby area 
(likely from the Cactus Pit at Sprague, Washington). The ballast will be dumped over 
clean subgrade material that does not contain libby Amphibole. 

2.4 FINAL SITE RESTORATION 

BNSF will accomplish final site restoration, which will consist of placement of fresh 
railroad ballast material over the removal areas and grading as necessary. 
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2.5 SCHEDULE 

The currently anticipated project schedule is as follows: 

• 28 July 2004- Prebid conference and site visit 

• 12 August 2004 - Bid Opening Date 

• 18 August 2004- Notice to Proceed to rail removal contractor 

• 2 September 2004 - Begin rail removal 

• 7 September 2004- Anticipated start of tie removal, soil excavation, cap 
installation and subgrade backfill. 

db ' ........ ,'. 

• 19 November 2004- Anticipated conclusion of tie removal, soil excavation, cap 
installation and subgrade backfill, weather permitting. 

• Spring 2005 - Reconstruction of designated tracks. 

2.6 REPORTING AND COORDINATING ACTIVITIES 

Progress reports will be submitted to USEPA weekly by EMR with assistance from the 
Kennedy/Jenks Consultants Resident Engineer. The report will follow a standard format 
that consists of the following topics: 

• Progress made during reporting period 

• Problem areas and resolved/recommended solutions 

• Deliverables submitted 

• Activities planned for the next reporting period 

• Key personnel changes, if any 

• Sampling/lab activities 
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3.0 SAMPLING AND ANALYSIS PLAN 

The standard operating procedures (SOPs) and project specific methods for sampling, 
sample control, and other site activities were adopted from the Final Draft Response 
Action Sampling and Analysis Plan (RASAP) for Libby Asbestos Site prepared by the 
COM Federal Programs Corporation in November 2003 which is included in the Final 
Draft Response action Work Plan for Libby Asbestos Project prepared by the USEPA in 
November 2003. The following SOPs and Project Specific documents will be utilized for 
project activities including soil and air sampling: 

• Asbestos and Other Fibers by PCM (NIOSH Method 7400, Issue 2 Revision 3); 

• AHERA TEM Method {Appendix A to Subpart E of Part 763- Interim 
Transmission Electron Microscopy Analytical Methods- Mandatory and 
Non-mandatory- and Mandatory Section to Determine Completion of Response 
Action) (40 CRF- Chapter 1- Part 763) 

• Asbestos (bulk) by PLM (NIOSH Method 9002, Issue 2) 

• Asbestos Sampling (EPA SOP 2015, Revision 0.0) 

• General Air Sampling Guidelines (EPA SOP #2008, Revision 0.0) 

• Surface Soil Sampling (COM Federal SOP 1-3, Revision 4) 

• Field Logbook Content and Control (COM Federal SOP 4-1, Revision 4) 

• Sample Custody (COM Federal SOP 1-2, Revision 3) 

• Project-Specific Guidance Completion of Field Sample Data Sheets (FSDS) 
(COM Federal Document CDM-Libby-03, Revision 2) 

• Project-Specific Standard Operating Procedure for Soil Sample Collection 
(COM Federal Document CDM-Libby-05, Revision 1) 

• Sampling and Analysis- Non-mandatory-U.S, Department of Labor, 
OSHA 29 CFR 1926.1101 Appendix B. 

The EPA has adopted modifications to these procedures that are discussed in the 
text of Appendix A of the RASAP in a section titled Confirmation Soil Sampling 
Procedures; this work plan will utilize the modifications included in that section. 
Additional modffications to those project specific methods or SOPs are discussed in 
this work plan. 
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3.1 SAMPLE CUSTODY, DOCUMENTATION, PACKAGING, AND SHIPPING 

Sample custody includes the identifying, labeling, packaging, and transporting of 
samples collected during this investigation. The chain-of-custody record is used as 
physical evidence of sample custody and control and provides the means to identify, 
track, and monitor each individual sample from the point of collection through final data 
reporting. Each sample will be identified by a unique code as provided by EPA's agent, 
CDM Federal Programs Corporation (CDM Federal). Sample details will be noted in the 
sampling log sheets and field logbooks. These activities will be conducted in 
accordance with the SOPs and guidance documents: Field Logbook Content and 
Control, Sample Custody, and Project-Specific Guidance Completion of Field Sample 
Data Sheet except as noted below. 

SOP 4-1 specifies that a specific document control number will be utilized. A specific 
document control number will not be required; however the book will be labeled with a 
project name and the date range contained within. For any reference made to document 
or sample retention by CDM or shipment to CDM it should be noted that records for the 
BNSF project will be maintained by EMR instead of CDM. Copies of lab data analyzed 
by EMSL will be supplied to the EPA and their designated recipients upon receipt of final 
copies. EMSL will supply data to EMR in a format compatible with the EPA database. 
EMR will use chain-of-custody forms supplied by either CDM Federal, Volpe, or the 
laboratory. 

3.2 AIR MONITORING 

Personal air samples will be collected inside the EZ with a low-volume battery pump for 
each person sampled following Sampling and Analysis - Non-mandatory 
(29 CFR 1926.11 01 Appendix B) and Asbestos Sampling SOP 2015. The samples will 
consist of a 30-minute excursion sample and sampling representative of full shift 
exposure. Samples will be analyzed using the NIOSH Method 7400 PCM, Issue 2 
(Appendix A). The action level for which corrective action will take place inside the EZ is 
0.1 flee. This corresponds to the OSHA permissible exposure limit (PEL) criteria for 
work in an environment with no respiratory protection. Some samples will also be 
submitted for analysis by AHERA TEM method (TEM). Any samples exhibiting 
concentrations exceeding 0.1 flee will be analyzed by TEM; if no samples exceed 0.1 
flee then the tables below will be utilized to determine the number of samples to be 
submitted to the laboratory. A minimum of 3 samples will be submitted for TEM analysis 
daily. 

On the first lull day of soil removal the following samples are anticipated in the EZ from 
the breathing zone of the workers: 
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Table 1 

Description of Description of Number of 
Function Sample Types Samples 

Equipment Representative of 2 per person 
Operator* full-shift exposure 

Excursion 1 per person 

Spotter, Representative of 2 person 
Wrapper, or full-shift exposure 
other ground 
personnel* Excursion 1 person 

One Truck Representative of 2daily 
Driver full-shift exposure 

Excursion 1 daily 

Total Number of Anticipated Samples for the First Day 

Kennedy/Jenks Consultants 
~ m 

Total Number of 
Analysis Samples 

PCM and 50% TEM 2 PCM, 1 TEM 

PCM andTEM 1 PCM, 1 TEM 

PCM and 50% TEM 2PCM, 1 TEM 

PCM andTEM 1 PCM, 1 TEM 

PCM and 50% TEM 2PCM, 1 TEM 

PCMandTEM 1 PCM, 1 TEM 

9 PCM,6TEM 

For subsequent days of site work we anticipate that the following breathing zone 
samples will be collected from EZ workers: 

Table 2 

Description of Description of Number of Total Number of 
Function Sample Types Samples Analysis Samples 

Equipment Representative of 2 per person PCMandTEM 3 PCM, 1 TEM 
Operator* full-shift exposure 

Excursion 1 per person PCMandTEM 

Spotter, Representative of 2 per person PCMandTEM 3PCM, 1 TEM 
Wrapper, or full-shift exposure 
other ground 
Personnel* Excursion 1 per person PCM andTEM 

One Truck Representative of 2daily PCMandTEM 3PCM 1TEM 
Driver full-shift exposure 

Excursion 1 daily PCMandTEM 

Daily Total Number of Anticipated Samples {After the First Day) 9 PCM,3TEM 

* Estimates are for a crew of eight or fewer people inside containment. Air samples 
will be collected from a minimum of 25% of the workers inside of the EZ. 
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Five background ambient air samples will be collected roughly equidistant across the 
length of the yard the day before the scheduled start of the project. The pumps used for 
the project will be A.P. Buck Basic-12 battery-operated high volume pumps. These 
pumps have a capability to pull approximately 6 liters per minute over a 1 0-hour time 
period. 

Ambient air samples during the removal action will be collected at five 
perimeter-monitoring sites per exclusion zone utilizing Asbestos Sampling SOP 2015 
and EPA Guidelines SOP 2008. If possible only one exclusion zone should be 
established each day. If multiple exclusion zones are established, then five samples will 
be collected at each zone. 

Air samples will be collected daily at the perimeter of the EZ. Five locations will be 
placed equidistant around the EZ. The samples will draw a minimum of 1,200 liters of 
air to achieve the desired minimum detection limits. 

Historical wind direction data for Libby, Montana, is to the south. The actual locations of 
perimeter air samples will be selected in the field and surveyed using a GPS instrument 
and indicated on the Site map. Ambient air samples will be submitted to EMSL 
Laboratories for analysis by TEM Asbestos Hazard Emergency Response Act (AHERA) 
Method. If two fibers are identified on samples analyzed by TEM AHEAA, site 
operations and engineering controls will be reevaluated. 

3.3 SYSTEMATIC SOIL SAMPLING 

Surface soil samples will be collected utilizing Surface Soil Sampling SOP 1-3, 
Revision 4 and Confirmation Soil Sampling Procedures from Appendix A of the RASAP. 

As shown on the figures in Section 2.0, Libby Amphibole is present along portions of the 
rail lines. Following the removal action, discrete soil samples will be collected at 50-foot 
intervals along the rail lines, and a portion of four such samples will be composited; 
sample areas will be 200 feet or less in length and approximately 15 feet wide (i.e., one 
composite sample per 200 feet of track length) and sent or delivered to EMSL 
Laboratories for analysis. At each sample location, a metal nail with yellow plastic 
flagging will be driven into the ground. Soil samples will be collected with a stainless 
steel trowel or other appropriate sampling equipment as discussed in the SOP and 
Confirmation Soil Sampling Procedures. Samples will be placed in quart-sized 
resealable plastic bags (two per sample). Discrete samples will be submitted to the 
laboratory and held pending results of the composite samples. Discrete samples may 
be analyzed if the corresponding composite sample is positive for asbestos (Libby 
Amphibole detected). 

Should any detectable Libby Amphibole (tremolite/actinolite series) by the PLM method 
9002, Issue 2 (Appendix C), be observed in composite samples, the discrete samples 
may be analyzed to determine which discrete samples within the composite set that 
exhibits detectable concentrations of Libby Amphibole. 
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These areas will be excavated again in a 25-foot radius around the sample locations 
with detectable results, excluding areas sampled previously without detecting Libby 
Amphibole. 

• Each sample point will be localed by GPS. An electronic map of the main line, 
associated tracks, buildings, and roads will be constructed to scale, and the 
sample locations will be shown on the map. 

Sample preparation by the laboratory will follow USEPA Region 8 standards for 
homogenizing surface soil samples. Soil samples will be analyzed using a PLM method 
9002, Issue 2, analytical method (Appendix C). 

3.4 SOIL CHARACTERIZATION SAMPLING 

Required soil characterization samples were collected and the soils were profiled into 
the Lincoln County Landfill utilizing that sample data in 2003. 

3.5 OPERATION AND MAINTENANCE ACTIVITIES 

All known areas containing soil with Libby Amphibole will be removed or capped with 
geotextile cloth and fill material. Assuming all final soil confirmation samples collected 
from excavation areas do not indicate the presence of Libby Amphibole, and for the 
purposes of this Response Action, no additional remedial activities are anticipated at this 
time. BNSF will prepare an Operations and Maintenance Plan for the Zone 4 and 6 
areas, which wm receive the cap. 
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ASBESTOS and OTHER FIBERS by PCM 7400 

Various MW: Various CAS: Various RTECS: Various 

METHOD: 7400, laiUI Z EVALUATION: FULL luue 1: Rlv. 3 on t5 Mey 1989 
luue z: 15 Auguat 1994 

OSHA: 0.1 asbestos fiber(> 5 ]m long)fcc: 
t II~ min el~CU!\~10'1: carMogen 

MSHA: 2 asb1111tos fiberslcc 
NfOSH: 0.1 flee (fibft > 5 :m long)l400 L; can:iroogen 
ACGIH: 0.2 erocldoJlte; 0.5 iWI'IOSite; 2 di~Oiile end ocher 

asbesiOS, llber$1ec; carcinogen 

PROPERTIES: sollcl,librous, Cr)'Stalline, ;nll(ttq:lie 

SYNONYMS {CAS 1]: sctinolite [175~) « fetroaclirlolitlt (151169-07-5): amoslteJU17Z-73-5); &r~thophyllite [17536-67-5}: 
cnrysotile f1Z001·Z9-5): serpendnef187~Z4-f]: cn:dcloiHc (12001·2~); ln!rrolite [17536-68-6); amphibole mbes!CIS (1332-21-4); 
relrac:QIY cera-nlc fober$(14284•-G0-6]: fibrous glass. 

SAMPLING - MEASUREMEHT 

SAMPLER: · Fll TER TECHNIQUE: LIGHT MICROSCOPY, PHASE 
CONTRAST {0.4S.IO 1.2..0m cellulose ester membrane. 2S. 

mm; conducliw CONI on cassette) 

FLOW RATF; 0.511116 Urnill 

VOL-MIN-: 
·MAX·: 

SHIPMENT: 

SAMPLE 
STABiliTY: 

BLANKS.: 

400 L @ 0.1 fiberlcc 
(step 4, sampling) 
•Adjust to gi...e 100 10 1300 lib«fmm' 

routN (pacll to reduce sl'loclr;) 

... ,. 
210 10 field blanks per set 

--------------------~ 
ACCURACY 

RANGE STUDIED: 80_10 100 fibln countocl 

BIAS: See EVALUATION OF METHOO 

OVERALL PRECISION (0,~):0.115 to 0.13 [1J 

ACCURACY: See EVALUATION OF METl-100 

ANAL'I'TE: fibers (tna'lu.l co.mt) 

SAMPLE 
PREPARATION: ll()8lone- edlapsa'trilcedn -imme.raion 

COUNTING 
RULES: described io J)l.,..;ous ver.~ion o1 this 

method as "A" rules 11.31 

EQUIPMENT: 1. posi~ve pl\a5e-oorllraat mictO&CCPe 
2. W~Beckert gratieula (100-]m fed 

ci-.....)T~G-22 
3. phase4hift tast slide {HSEINPL) 

CALIBRATION: HSEINPl test &lkle 

RANGE: 100 to 1300 flberstmm' filler ... 

ESTIMATED LOD: 71'ibarslmm' rut.- area 

PRECISION(!],): 0.10 toO. 12(1): see EVALUATION OF 
METHOO 

APPLICABILfTV: The qU¥1tllaM wori\Wlg raoge is 0.04 to 0.5 flbarlcc f« a 1000.L air sample. The LOD depends on sample ~me 
8lld qll8t'ltilyofi11ter1eriflg dust. alld Is <O.otlib•lcc Ia atmosph- free of lnle"farences. The melhocl gille:s an indu. c1 airborne 
fibtts. It is primarily used f« estimatirlg asbestos coroceolr.ltions. though PCM does not dltl".-entiale belwMo asbasi061Wld <IIIler 
flbn. U5e It\)$ metllod in coojuoetion v.fth e1ectt«1 miClOS-COpy(e.g., Me!hoc17402J f« usislanee In identifiCaiiOrl olllbani. Fibers < 
ca. 0.25 Om diamet« v.it not be detacl8d by this mathocl/4). ThiS method may be uSfld I« olh• rnaleriab such as fibrous glass b)l 
using artemate counliog Nles (sea A9Pef1dbc Cj. 

INTERFERENCES: If the methocl is U5ecllo dated a specifiC typed fiber. any «her arbome fiber may int«fere sirlee all partictu 
meellng 11111 cwnliog criteria are coumecl. Ctnlirl-tike particle$ may appea'" 1lbrous. High levels d non-tibroua dust particles may 
obscure fibers irlltl• flelcl d 'oiew arod irlcraase tl"le detection ~mit. 

OTHER METHODS: Th!t1 rNsion replaces. Malhod 7-400. R!Msian ..:1 {~ 5f15189). 

NIOSH Manual o1 Arlalytical Mechods (NMAM), F<lurth Edieioo, 811.5194 
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REAGENTS: 

1. Acetone,• reagent grade. 
2. Triacetin (glycerol triacetale), reagent grade. 

See SPECIAL PRECAUTIONS. 

EQUIPMENT: 
1. Sampler: field monitOI', 25-mm, thr~piece 

cassette with ca. 50-mm electrically 
conductive extension cowl and cellulose ester 
filler, 0.45- to 1.2-Cm pore size, and backup 
pad. 
NOTE 1: Analyze representative filters for 

fiber background before use to 
check for clarity and background. 
Discard the filter lot if mean is 0 5 
fibers per 100 graticule fields. 
These are defined as laboratory 
blanks. Manufacturer-provided 
quality assurance checks on filter 
blanks are normally adequate as 
long as field blanks are analyzed 
as described below. 

NOTE 2: The electrically conductive 
extension cowl reduces 
electrostatic effects. Ground the 
cowl when possible during 
sampling, 

NOTE 3: Use o.a..[]m pae size filters for 
personal sampling. The 0.45-0m 
filters are recommended for 
sampling when performing TEM 
analysis on the same samples. 
Howe'ver. their higher pressure 
drop precludes their use with 
personal sampling pumps~ 

NOTE 4: Other cassettes have been 
proposed that exhibit improved 
uniformity of fiber deposit on the 
filter surface, e.g., betlmouthed 
sampler (Envirometrfcs, 
Charleston, SC). These may be 
used if shcmn to give measured 
concentrations equivalent to 
sampler indicated above fot the 
application. 

2. Personal sampling pump, battery or line
powered vacuum, of sufficient capacity to 
meet flow-rate requirements (see step 4 for 
flow rate), with nexible connecting tubing. 

3. Wire, multi-stranded. 22-gaug~ 1~. hose 
clamp to attach wire to cassette. 

4. Tape, shrink- or adhesive-. 
5. Slides, glass, frosted-end, pre-cleaned, 25 x 

75-mm. 
6. Cover slips, 22· x 22-mm, No. 1-1/2, unless 

othBfWise specified by microscope 
manufacturer. 

7. Lacquer or nail polish. 
B. Knife, #10 surgical steel, curved blade. 
9. Tweezers. 

NtOSH Malluat cf An~ Methoos (NMAM), Fourtl'l Edlllon, 8115194 
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EQUIPMENT: 

10. 

11. 

12. 

13. 

14. 

Acetone flash vaporization system for 
clearing filters on glass slides (see ref. [5] 
tor specifications or see manufacturer's. 
instructions for equivalent devices). 
Micr9'ipets or syringes, S.:L and 100· to 
500-UL. 
Microscope. positive phase (dari<:) contrast, 
with green or btue filter, adjustable field iris. 
8 to 10X eyepiece, and 40 to 45X phase 
objective (total magnification ca. 400)(); 
numerical aperture= 0.65 to 0. 75. 
Graticule, Walton-Becket! type with 100-1.1m 
diameter circular field (area "" 
0.00785 mm2) at the specimen plane 
(Type G-22). Available from Optometries 
USA, P.O. Box699, Ayer, MA 01432 
[phone (508)-772-1700), and McCrone 
Accessories and Components. 850 
Pasquinelli Drive, Westmont, IL 60559 
(phone (312) 887-7100]. 
NOTE: The graticule is custom-made for 

each microscope. (see 
APPENDIX A for the custom· 
ordering procedure). 

HSEfNPL phase contrast test slide, Mark II. 
Available from Optometries USA (address 
above). 

15. Telescope, ocular phase-ring centering. 
16. Stage micrometer (0.01·mm divisions). 

SPECIAL PRECAUTIONS: Acetone is extremely flammable. Take precautions not to ignite it. 
Healing of acetone in volumes greater than 1 ml must be done in a ventilated laboratory fume hood 
using a flameless, spark- free heat source. 

SAMPLING: 

1. Calibrate each personal samflling pump with a representative sampler in line. 
2. To reduce contamination and to hold the cassette tightly together, seal the crease between the 

casse"e base and the cowl with a shrink band or light colored adhesive tape. For personal 
sampling, fasten the (uncapped) open-face cassette to the worker's lapel. The open face should be 
Otiented downward. 
NOTE: The cowl should be electrically grounded during area sampling, especially under conditions 

of low relative humidity. Use a hose clamp to secure one end of the wire (Equipment, Item 
3) to the monitor's cowl. Coonect the other end to an earth ground (i.e., cold water pipe). 

3. Submit at least two field blanks (Ot 10% of the total samples, whichever is greater) for eac:h set of 
samples. Handle field bJanks iri a manner representative of actual handling of associated samples 
in the set. Open field blank cassettes at the same lime as other cassettes just prior to sampling. 
Store top covers and cassettes in a ctsan area (e.g., a closed bag or box) with the top covers from 
the sampling cassettes during the sampling period. 

4. Sample at 0.5 Llmin or greater (6). Adjust sampling flow rate, a (Limin), and time, t (min), to 
produce a fiber density, E. of 100 to 1300 fibers/mm2 (3.85•10" to 5•10S fibers per 25-mm filter with 
effective collection area A,= 385 mm2) for optimum accuracy. These variables are related to the 
action level (one-half the current standard), L (fibers/cc), of the fibrous aerosol being sampled by: 

NIOSH Manual d AAIIylieal Mlllhods (NMAM), Fourth Edlllon. 8115194 
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A · E 
t"' c ,min. 

Q • L · 10' 

NOTE 1: The purpose of adjusting sampling times is to obtain optimum fiber loading on the filter. 
The collection efficiency does not appear to be a function of flow rate in the raii'lge of 0.5 
to 16 Umin for asbestos fibers !7'}. Relatively large diameter fibers {>3 (m) may exhibit 
significant aspiration loss and inlet deposition. A sampling rate of 1 to4 Umin for 8 his 
appropriate in atmospheres containing ca. 0.1 fiber/cc in the absence of significant 
amounts of non-asbestos dust. Dusty atmospheres require smaller sample volumes 
(0400 L) to obtain counlable samples. In such cases take short, consecutive samples 
and average the results over the total collection time. For documenting episOdic 
exposures, use high flow rates (7 to 16 Umin) over shorter sampling times. ·In relatively 
clean atmospheres, where targeted fiber concentrations are much less than 0.1 fiber/cc, 
use larger sample volumes (3000 to 10000 L) to achieve quantifiable loadings. Take 
care, however, not to overload the filter with background dust. If ::::! 50% of the.filter 
surface is covered with particles, the tiller may be too overloaded to count and will bias 
the measured fiber concentration. 

NOTE 2: OSHA regulations specify a minimum sampling volume of 48 L for an excurSion 
measurement, and a maximum sampling rate of 2.5 Umin [3]. 

5. At the end of sampling, replace top cover and end plugs. 
6. Ship samples with conductive cowl attached in a rigid container with packing material to prevent 

jostling or damage. 
NOTE: Do not use untreated polystyrene foam in shipping container because electrostatic 

forces may cause fiber loss from sample filler. 

SAMPLE PREPARATION: 

NOTE 1: The object is to prod~!ce samples with a smooth {non-grainy) background in a medium 
with refractive index ~ 1.46. This method collapses the filter for easier focusing and 
produces permanent (1 • 10 years) mounts which are useful for quality control.and 
interlaboratory comparison. The aluminum "hot block" or similar flash vaporization 
techniques may be used outside the laboratory (2]. Other mounting techniques meeting 
the above criteria may also be used (e.g., the laboratory fume hood procedure for' 
generating acetone vapor as described in Method 7400- revision of 5115/85, or the 
noo-permanenl field mounting technique used in P&CAM 239 [3,7.B,9D. Unless the 
effective filtration area is known, determine the area and record the information 
referenced against the sample 10 number (1,9,10.11]. 

NOTE 2: Excessive water in the acetone may slow the clearing of the filter, causing mate~iaJ to 
be washed off the surface of the filter. Also, filters that have been exposed to high 
humidities prior to clearing may have a grainy background. 

7. Ensure that the glass slides and cover slips are free of dust and fibers. 
8. Adjust the rheostat to heat the ~hot block• to ca. 70 •c (2). 

NOTE: If the "hot block. is not used In a fume hood, it must rest on a ceramic plate and be 
isdated from any surface susceptible to heat damage. 

9. Mount a wedge cut from the sample filter on a clean glass slide. 
a. Cut wedges of ca. 25% of the filter area with a curved-blade surgical steel knife using a rocking 

motioo to prevent tearing. Place wedge. dust side up, on slide. 
NOTE: Static electricity will usually keep the wedge on the slide. 

NIOSH Manual o( Mal~al MelhOCI$ (NMAM), Fo.RUI Edition. 8115194 
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b. Insert slide with wedge into the receiving slot at base of "hot block". Immediately place tip of a 
micropipet containing ca. 250 [L acetone (use the minimum volume needed to cOnsisten.Uy 
clear the fillet sections) into the inlet port of the PTFE cap on top of the "hot block" and inject 
the acetone into the vaporization chamber with a slow, steady pressure 011the plunger button 
while holding pipet firmly in place. Arter waiting 3 to 5 sec for the filter to clear, remove pipet 
and slide from their ports. · 
CAUTION: Although the volume of acetone used is small, use safety precautions. Work in a 

well-ventilated area (e.g., laboratory fume hood). Take care not to ignite the 
acetone. Continuous use of this device in an unventilated space may produce 
explosive acetone vapor concentrations. 

c. Using the 5-CL micropipet. immediately place 3.0 to 3.5 OL triacetin on the wedge. Gently 
lower a clean cover slip onto the wedge at a stlght angle to teduce bubble formation. Avoid 
excess pressure and movement of the cover glass. 
NOTE: If too many bubbles form Of the amount of triacetin is insutrlcient, the cover Slip may 

become detached Vllithin a few hours. If excessive triacetin remains at the edge of the 
filter under the cover slip, fiber migration may occur. 

d. Mark the outline of the filler segment Vllith a glass marking pen to aid in microscopic-evBluatlon. 
e. Glue the edges of the cover slip to the slide using lacquer or nail polish [12]. Counting may 

proceed immediately after clearing and mounting are completed. 
NOTE: If clearing is slow, warm the slide on.a hotplate (surlace temperature 5o •C) for up to 15. 

min to hasten clearing. Heat carefully to prevent gas bubble formation. 

CALIBRATION AND QUALITY CONTROL: 

10. Microscope adjustments. Follow the manufacturers instructions. At least once daily use the 
telescope ocular (or Bertrand lens, for some microscopes) supplied by the manufacturer to ensure 
that the phase rings {annular diaphragm and phase-shifting elements) are concentric. \o/ilh each 
microscope, keep a logbook in which to record the dates of microscope cleanings and major 
servicing. 
a. Each time a sample is examined, do the following: 

(1) Adjust the light source for even illumination across the field of view at the condenser iris. 
Use Kohler illumination, if available. With some microscopes, the illumination may have 
to be set up with bright field optics rather than phase contract optics. · 

(2) Focus on the particulate material to be examined. 
(3) Make sure that the field iris is in focus, centered on the sample. and open only enough to 

fully illuminate the field of view. 
b. Check the phase-shifl detection limit of the microscope periodically for each analyst/microscope 

combination: 
(1) Center the HSEINPL phase~ontrast test slide under the phase objective. 
(2) Bring the blocks of grooved lines into focus in the graticule area. 

NOTE: The slide cooti3ins seven blocks of grooves (ca. 20 grooves per block) in 
descending order of visibility. Fa asbestos counting the microscope optics must 
completely resolve the grooved lines in block 3 although they may appear 
somewhat faint, and the grooved lines in blocks 6 and 7 must be invisible when 
centered in the graticule area. Blocks 4 and 5 must be at least partially visible but 
may vary slightly in visibility between microscopes. A microscope which fails lo 
meet these requirements has resolution either too low or too high for fiber 
counting. 

(3) If image quality deteriorates, clean the microscope optics. If the problem persists, consult 
the microscope manufacturer. 

11. Document the laboratory's precision for each counter for replicate fiber counts. 
a. Maintain as part of the laboratory quality assurance program a set of reference slides to be used 

0'\ a daily basis {13). These slides should consist of finer preparatiO'ls including a range of 
loadings and background dust levels from a variety of sources including both field and 
reference samples (e.g., PAT, AAR, commercial samples). The Quality Assurance Officet 

NIOSH Manual d Analy!icel MethoOs (NMAM). FOUI\Il Edition, 6115194 
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should maintain custody of the reference slides and should supply each counter with a minimum 
of one reference slide per workday. Change the labels on the reference slides periodically so 
that the counter does not became familiar with the samples. 

b. From blind repeat counts on reference slides, estimate the laboratory intra- and intercounter 
precision. Obtain separate values of relative standard deviation (S.) fOI' each sample matrix 
analyzed in each of the following ranges: 5 to 20 fibers in 100 gralicule fields, >20 to 50 fibers 
In 100 graticule fields, and >50 to 100 fibers in 100 graticule fields. Maintain control charts for 
each of these data files. 
NOTE: Certain sample matrices (e.g., asbestos cement) have been shown to give poor 

precision [9) 
12. Prepare and count field blanks along with the field samples. Report counts on each field blank. 

NOTE 1: The identity of blank filters should be unknown to the counter until all counts have been 
completed. 

NOTE 2: If a field blank yields greater than 7 fibers per 100 graticule fields, report possible 
contamination of the samples. 

13. Perform blind recounts by the same counter on 10% of filters counted (slides relabeled by a person 
other than the counter). Use the following test to determine whether a pair of counts by the same 
counter on the same filter should be rejected because of possible bias: Discard the sample if the 
absolute value of the difference between the square roots of the two counts (in fiber/mm~ exceeds 
2.77 (X)S~ where X: average of the square roots of the two fiber counts 

. s, 
(in fiber/mmZ'J and Sr= 2" , where S, is the intracounter relative standard deviation for the 

appropriate count range {in fibers) determined in step 11. For more complete discussions see 
reference {13]. 
NOTE 1: Since fiber counting is the measurement of randomly placed fibers which may be 

described by a Poisson distribution, a square root transf9tmalion of the fiber count data 
will result in approximately normally distributed data f13]. 

NOTE 2: If a pair of coonts is rejected by this test, recount the remaining samples in the set and 
test the new counts against the first counts. Discard all rejected paired counts. It is not 
necessary to use this statistic on blank counts. 

14. The analyst is a critical part of this analytical procedure. Care must be taken to provide a non
stressful and comfortable environment for fiber counting. An ergonomically designed chair should 
be used, with the microscope eyepiece situated at a comfortable height for viewing. External 
lighting should be set at a level similar to the illumination level in the microscope to reduce eye 
fatigue. In additioo, counters should take 10-to-20 minute breaks from the microscope every one 
or two hours to limit fatigue {14). During these breaks, both eye and upper back/neck exercises 
should be performed to refieve strain. 

15. All laboratories engaged in asbestos counting should participate in a proficiency testing program 
such as the AIHA-NIOSH Proficiency Analytical Testing (PAT) Program for asbestos and routinely 
exchange field samples with other laboratories to compare performance of counters. 

MEASUREMENT: 

16. Center the slide on the stage of the calibrated microscope under the objective tens. Focus the 
microscope on the plane of the filter. 

17. Adjust the microscope (Step 10). 
NOTE: Calibration with the HSEJNPL test slide determines the minimum detectable fiber diameter 

(ca. 0.25 Jm) [4J. 
18. Counting rules: (same as P&CAM 239 rules [1,10,11): see examples in APPENDIX B). 

a. Count any fiber longer than 5 Cm which lies entirely within the graticule area. 
(1) Count only fibers longer than 5 Jm. Measure length of curved fibers along the curve. 
(2) Count ooly fibers with a length-to-width ratio equal to or greater than 3:1. 

b. For fibers which cross the boundary of the graticule field: 
(1) Count as 1/2 fiber any fiber with only one end lying within the graticule area, provided that 

the fiber meets the criteria of rule a above. 

NIOSH Manual dAn~ Mett\OG5 {NMAM), Fourttl Editi<:¥1, 8/15194 
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(2) Do not count any fiber which crosses the graticule boundary more than once. 
(3) Reject and do not count all other fibers. 

c. Count bundles of fibers as one fiber unless individual fibers can be identified by obsetving both 
ends of a fiber. 

d. Count enough graticule fields to yield 100 fibers. Count a minimum of 20 fields. Stop at 100 
gratlcule fields regardless of count. 

19. Start counting from the tip of the filter wedge and progress along a radial line to the outer edge. 
Shift up or down on the filter, and continue in the reverse direction. Select gratlcule fields 
randomly by looking away from the eyepiece briefly while advancing the mechanical stage. Ensure 

. that, as a minimum, each analysis covers one radial line from the filter center to the outer edge of 
the filter. When an agglomerate or bubble covers ca. 1/6 or more of the graticule field, reject the 
graticule field and select another. Do not report rejected graticule fields in the total number 
counted. 
NOTE 1: When counting a gratkule field, continuously scan a range of focal planes by moving 

the fine focus knob to detect very fine fibers which have become embedded in the filter. 
The small-diameter fiber.; will be very faint but are an important contribution to the total 
count A minimum counting time of 15 seconds per field is appropriate for accurate 
counting. 

NOTE 2: This method does not allow for differentiation of fibers based on morphology. Although 
some experienced counters are capable of selectively counting only fibers which 
appear to be asbesliform. there is presently no accepted method for ensuring uniforll'Uty 
of judgment between labCN'atories. It is, therefore, incumbent upon all laboratories using 
this method to report total fiber counts. If serious contamination from non-asbestos 
fibers occurs in samples, other techniques such as transmission electron microscopy 
must be used to identify the asbestos fiber fraction present in the sample (see NIOSH 
Method 7402). In some cases (i.e .• for fibers with diameters >1 Om). polarized light 
microscopy (as In NIOSH Method 7403) may be used to identify and eliminate 
interfering non-crystalline fibers [15). 

NOTE 3: Do not count at edges where filter was cut. Move in at least 1 mm from the edge. 
NOTE 4: Under certain conditions, electrostatic charge may affect the sampling of fibers. These 

electrostatic effects are most likely to occur when the relative humidity is low (below 
· 20%), and when sampling is performed near the source of aerosol. The result is that 
deposition of fibers on the filter is reduced, especially 'near the edge of the filter. II such 
a pattern is noted during fiber counting, choose fields as close to the center of the filter 
as possible (5). 

NOTE 5: Counts are to be recorded on a data sheet thai prO\Iides, as a minimum, spaces on 
which to record the counts for each field, filter identification number, analyst's name, 
date, total fibers counted, total fields counted, average count, fiber density, and 
commentary. Average count is calculated by dividing the total fiber count by the 
number of fields observed. Fiber density (fibers/mm~ is defined as the average count 
(fibers/field) divided by the field (graticule) area (mm21field). 

CALCULATIONS AND REPORTING OF RESU~TS 

20. Calculate and report fiber density on the filter, E (fibers/mro2), by dividing the average fiber count 
per graticute field, F/flt, minus the mean field blank count per graticule field. 8/nb, by the graticule 
field area, ~ (approx. 0.00785 mml): 

(£ - ..!!. ) 
n, nb 2 E = , fiberslmm • 

A, 

NIOSH Manuat d Anal~ Methods {NMAM). Fourth Edition. 8115194 
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NOTE: Fiber counts above 1300 fibers/mm' and fiber counts from samples with >50% of filter 
area covered with particulate should be reported as "uncountable" or •probably biased. H 

Other fiber counts outside the 100-1300 fiberfmm2 range should be reported as having 
~greater than optimal variability" and as being •probably biased. M 

21. Calculate and report the concentration, C (fibersfcc), of fibers in the air volume sampled, V (L), 
using the effective collection area of the filter, Ae (approx. 355 mm2 for a 25·mm filter}: · · 

c • _,_( :::_E .::K ,-'A,;..:) 
v. 10' 

NOTE: Periodically check and adjust the value of A.,, if necessary. 
22. Report intralaboratory and interlaboratory relative standard de'<liations (from Step 11) with each set 

of results. 
NOTE: Precision depends on the total number of fibers counted (1, 16). Relative standard 

deviation is documented in references {1,15·17) for fiber cwnts up to 100 fibers in 100 
graticule fields. Comparability of interlaboratory results is discussed below. As a first 
approximatiOtl, use 213% above and 49% below the count as the upper and I~ 
confidence limits for fiber counts greater than 20 (Fig. 1). 

EVALUATION OF METHOD: 

A. This method is a revision of P&CAM 239 (10). A summary of the revisions is as follows: 
1. Sampling: 

The change from a 37 ·mm to a 25·mm filter improves sensitivity for similar air volumes. The 
change in now rates allows for 2·m3 lull·shift samples to be taken, providing that the filter is not· 
overloaded with non-fibrous particulates. The collection efficiency of the sampler is· nOt a function 
of flow rate in the range 0.5 to 16 Umin (10]. 

2. Sample Preparation Technique: 
The acetone 'r.lpor·triacetin preparation technique is a faster, more permanent mounting 
technique than the dimethyl phthalate/diethyl oxalate method of P&CAM 239 [2,4, 10]. The 
aluminum -hot block" technique minimizes the amount of acetone needed to prepare each 
sample. 

3. Measurement: 
a. The Walton·Beckett graticule standardizes the area observed [14, 18, 19]. 
b. The HSEINPL test slide standardizes microscope optics ftY sensitivity to fiber diameter (4, 14). 
c. Because of past inaccuracies associated with low fiber counts, the minimum recommended 

loading has been increased to 100 fiberslmm2 filler area (a total of 78.5 fibers counted in 100 
fields, each with field area = .00785 ~ .) Lower levels generally result in an overestimate of 
the fiber count >M-Ien compared to results in the recommended analytical range [20]. The 
recommended loadings should }'ield lnllacounter S, in the range of 0.10 to 0.17{21,22,23). 

B. Interlaboratory comparability: 
An inlemational collaborative study involved 16 laboratories using prepared slides from the 
asbestos cement, milling, mining, textile, and friction material industries [9). The relative standard 
deviations (S,) varied with sample type and laboratory. The ranges were: 
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AlA (NIOSH A Rules)" 
Modified CRS (NIOSH B Rules) .. 

lntralaboratorv S. 

0.12 to 0.40 
0.11 to0.29 

Interlaboratory S, 

0.27 to o.es 
0.20 to 0.35 

OverallS. 

0.46 
0.25 

• Under AlA rules, only fibers having a diameter less than 3 Om are counted and fibers attached to 
particles larger than 3Om are not counted. N/OSH A Rules are otherwise similar to the AlA rules. 

- See Appendix C. 

A NIOSH study conducted using field samples of asbestos gave intralaboratory S, in the range 0.17 to 
0.25-and an interlaboratory S, of 0.45 [21]. This agrees well with other recent studies {9,14,16]. 

Af this lime, there is no independent means for assessing the overall accuracy of this method. One 
measure of reliability is to estimate how well the count for a single sample agrees with the mean count 
from a large number of laboratories. The following discussion indicates how this estimation can be 
carried out based on measurements of the interlaboratory variability, as well as showing how the results 
of this method relate to the theoretically attainable counting precision and to measured intra- and 
interlaboratory S,. (NOTE: The follawing discussion does not include bias estimates and should not be 
taken to indicated that lightly loaded samples are as accurate as properly loaded ones). 

Theoretically, fhe process of counting randomly (Poisson) distributed fibers on a filler surface will give an 
S, that depends on the number, N, of fibers counted: 

S, • 1/( N. )1n 

Thus S. is 0.1 for 100 fibers and 0.32 for 10 fiben! counted. The actual S, found in a number of studies is 
greater than these theOtetical numbers (17,19,20,21}. 

An additional component of variability comes primarily from subjective interlaboratory differences. In a 
study of ten counters in a continuing sample exchange program, Ogden (15J found this subjective 
component of intralaboratory S, to be approximately 0.2 and estimated the overalls, by the term: 

[N•(0.2·N)']1n 
N 

Ogden found that the 90% confidence interval of the individual intralaboratory counts rn relation to the 
means were +2 S, and - 1.5 S,. In this program. one sample out of ten was a quality control sample. For 
laboratories not engaged in an intensive quaJily assurance program, the subjective compooent of 
variability can be higher. 

In a study of field sample results in 46 laboratories. the Asbestos Information Association also found that 
the variability had both a constant component and one that depended on the fiber count [14}. These 
results gave a subjective Interlaboratory component of S, (on the same basis as Ogden's) for r~&ld 
samples of ca. 0.45. A similar value was obtained for 12 laboratories analyzing a set of 24 field samples 
[21J. This value falls slighlly above the range Of S, (0.25to 0.42 fcx 1984-85) found for 80 reference 
laboratories in the NIOSH PAT program for labaatot}'-generated samples [17]. 

A number of factors influenceS, for a given laboratory, such as that laboratory's actual counting 
performance and the type of samples being analyzed. In the absence of other information, such as from 
an interlabOfalory quality assurance program using field samples, the value for the subjective component 
of variability is chosen as 0.45. It is hoped that the laboratories will carry out the recommended 
interlaborStory quality assurance programs to improve their performance and thus reduce the S,. 
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The above reJative standard deviations apply when the population mean has beet'l determined.· It is 
more useful. however, for laboratories to estimate the 90% confidence interval on the mean count from a 
single sample fiber count (Figure 1}. These curves assume similar shapes of the count distribution for 
interlaboratory and intralaboratory results (16]. 

For example, if a sample yields a count of 24 fibers, Figure 1 indicates that the mean interlaboratory 
count will tall within the range of 227% above and 52% below that value 90% of the time. We can apply 
these percentages directly to the air concentrations as well. If, for instance. this sample (24 fibers · 
counted) represented a 500-L volume, then the measured concentration is 0.02 fibers/mL (assuming 100 
fields counted, 25-mm filter, 0.00785 mm1 counttng field area}. If this same sample were counted by a 
groop of laboratories, there is a 90% probability that the mean would fall between 0.01 and 0.08 fiberlml. 
These limits should be reported in any comparison of results between laboratories. 

Note that the S, of 0.45 used to derive Figure 1 is used as an estimate for a random group of. 
laboratories. If several laboratories belonging to a quality assurance group can show that their 
interlaboratory s, is smaller, then it is more correct to use that smaller Sr However, the estimated S, of 
0.45 is to be used in the absence of such infonnation. Note also that it has been found that 5, can be 
higher tor certain types of samples, such as asbestos cement {9] .. 

Quite often the estimated airborne concentration from an asbestos analysis is used to compare to a 
regulatOI}' standard. For instance, if one is trying to show compliance with an 0.5 fiber/ml standard 
using a single sample ·on which 100 fibers have been counted. then Figure 1 indicates that the 0.5 
fiber/ml standard must be 213% higher than the measured air concentration. This indicates that if one 
measures a fiber concentration of 0.16 fiberlml (100 fibers counted), then the mean fiber count by a· 
group of laboratories (of wtlich the compliance laboratory might be one) has a 95% chance of being less 
than 0.5 fibers/mL; i.e., 0.16 + 2.13 x 0.16 = 0.5. 

II can be seen from Figure 1 that the Poisson component of the variability is not very important u·nless 
the number of fibers counted is small. Therefore, a further approximation is to simply use +213% and 
C49% as the upper and lower confidence values of the mean for a 100-fiber count. 

. 

500 t1". 90% CONADENCE INTERVAL ON MEAN COUNT 
I (SUBJECTIVE COMPONENT (0.45) + l <KIO • POISSON COMPONENT) 

t ... r~----·-·--·····--,--------·----··-------·-···-----·-· 
i 200 .••••••••••••••• : .................. : ............................ . 

ll i 100 ................................................................ . 

.. 
~ o+,---+---+---+---"------~--~--~--~--~ 

o ro ~ " ~ ~· ~ ~ ~ n ~ 
·100 1.~ ............. s~.~. ~.~~!':IT'!.~~. 9.C?~.~:r: ....... . 

· IS ABOVE THIS LEVEL 

NUMBER OF FIBERS COUNTED IN A SINGLE SAMPLE 
. 

Figure 1. Interlaboratory Precision of Fiber Counts 

NIOSH Manual of Anal)1lc:al Melhods {NMAM), Fourth Edition. 8115194 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

ASBESTOS and OTHER FIBERS by PCM: METHOD 7400. Issue 2, dated 15 August 1994- Page 11 d 15 

The curves in Figures 1 are defined by the following equations: 

UCL ,. 2 X ..- 2.25 + ((2.25 ... 2 X)2 - 4 ( 1 - 2.25 Sr2 ) X 2('
2 

2 < 1 - 2.2s s,2> 

LCL = 2 X .,. 4 - [("- + 2 X )2 - 4 ( 1 - 4 S,2 ) X 2 ]
112 

2(1-4$,2 ) 

where S, .. subjective interlaboratory relative standard de\liation, which is close to the total 
interlaboratory S, when approximately 100 fibers are counted. 

X = total fibers counted on sample · 
LCL = lower 95% confidence limit. 

UCL = upper 95% Confidence limit. 
Note that the range between these two limits represents 90% of the total range. 
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APPENDIX A: CALIBRATION OF THE WALTON-BECKETT GRA TICULE: 

Before ordering the Walton·Beckett graticule, the following calibration must be done to obtain a counting 
area (D) 100 Om in diameter at the image plane. The diameter, de (mm), of the circular counting area 
and the disc diameter must be specified .when ordering the graticule. 

1. Insert any available graticule into the eyepiece and focus so that the graticule lines are sharp and 
clear. 

2. Set the appropriate interpupillary distance and, if applicable, reset the binocular head adjustment so 
that the magnification remains constant. 

3. Install the 40 to 45X phase objective. 
4. Place a stage micrometer on the microscope object stage and focus the microscope on the graduated 

lines. 
5. Measure the magnified grid length of the graticu/e, ~(Om), using the stage micrometer. 
6. Remove the graticule from the microscope and measure its actual grid length, L. (mm). This can 

best be accomplished by using a stage fitted with verniers. 
7. Calculate the circle diameter, de (mm), for the Walton-Becket! graticule: 
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d = 
' 

L. 
-X 0. 
L. 

Example: If L0 = 112 Om, La= 4.5 mm and 0 = 100 ITm, then de= 4.02 mm. 

8. Check the field diameter, 0 (acceptable range 100 Om ±2Om) with a stage micrometer upon 
receipt of the graticule from the manufacturer. Determine field area (acceptable range 0.00754 
mm2 to 0.00817 mmlJ. 

APPENDIX B: COMPARISON OF COUNTING RULES: 

Figure 2 shows a Walton-Beckett graticule as seen through the microscope. The rules will be discussed 
as they apply to the labeled objects in the figure. 

20~ 
5 

3 ..... 

10x3 ~ 
0 ,.,. 

\20 5 X 5/3 
I 0 

~5 5 

c;r 0 Osx513 --9~ 
3:1 

IIJ 
5 

Figure 2. Walton-Becket! graticule with fibers. 
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These rules are sometimes referred to as the ·N rules. 

FIBER COUNT 

2 

3 

4 

5 

6 

7 

B 

9 

Count 

1 fiber 

2 fiber 

1 fiber 

1 fiber 

Do not 
count 

1 fiber 

1/2 fiber 

Do not 
count 

Do not 
count 

DISCUSSION 

Optically observable asbestos fibers are actually bundles of fine fibrils. 
If the fibrils seem to be from the same bundle the object is counted as a 
single fiber. Note, however, that all objects meeting length and aspect 
ratio criteria are counted whether or not they appear to be asbestos. 

If fibers meeting the length and aspect ratio criteria (length >5 IJm and 
length·t~width ratio >3to 1) overlap, but do not seem to be part of the 
same bundle, they are counted as separate fibers. 

Although the object has a relatively large diameter (:>3 :m),. it is counted 
as fiber under the rules. There is no upper limit on the fiber diameter in 
the counting rules·. Note that fiber width is measured at the widest 
compact section of the object. 

Although long fine fibrils may extend from the body of a fiber, these 
fibrils are considered part of the fiber if they seem to have originally 
been part of the bundle. 

If the object is 05 Cm long, it is not counted. 

A fiber partially obscured by a particle is counted as one fiber. If the 
fiber ends emanating from a particle do not seem to be from \tle same 
fiber and each end meets the length and aspect ratio criteria, they are 
counted as separate fibers. 

A fiber which crosses into lh-e graticule area one time is coonted as f/2 
fiber. 

Ignore fibers that cross the graliculate boundary more than once. 
count 

Ignore fibers that lie outside the graticule boundary. 
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APPENDIX C. ALTERNATE COUNTING RULES FOR NON·ASBESTOS FIBERS 

Other counting rules may be more appropriate for measurement of specific non-asbestos fiber types, 
such as fibrous glass. These include the "8• rules given below (from NIOSH Method 7400, Revision #2, 
dated 8/15/87), the World Health Organization reference method for man-made mineral fiber (24), and 
the NIOSH fibrous glass criteria document method (25]. The upper diameter limit in these methods 
prevents measurements of non-thoracic fibers. It is important to note that the aspect ratio limits included 
in these methods vary. NIOSH recommends the use of the 3:1 aspect ratio in counting fibers. ' 

It is emphasized that hybridization of different sets of counting rules is not permitted. Repor1 speCifically 
which set of counting rules are used with the analytical results. 

"B'" COUNTING RULES: 

1. Count only ends of fibers. Each fiber must be longer than 5 ]m and less than 3Om diameter. 
2. Count only ends of fibers with a length-to-width ratio equal to or greater than 5:1. · 
3. Count each fiber end which falls within the graticule area as One end, provided that the fibfr ·meets 

rules 1 and 2 above. Add split ends to the count as appropriate if the split fiber segment also meets 
the criteria of rules 1 and 2 above. 

4. Count visibly free ends which meet rules 1 and 2 above when the fiber appears to be attached to 
another particle, regardless of the size of the other particle. Count the end of a fiber obscured by 
another particle if the particle covering the fiber end is less than 3Om in diameter. 

5. Count free ends of fibers emanating from large clumps and bundles up to a maximum of 10 endS (5 
fibers), provided that each segment meets rules 1 and 2 above. · 

6. Count enough graticule fields to yield 200 ends. Count a minimum of 20 graticule fields. Stop at 
100 graticule fields, regardless of count. 

7. Oivtde total end count by 2 to yield fiber courit. 

APPENDIX 0. EQUlVALENT LIMITS OF DETECTION AND QUANTIT ATION 

fiber den~itv on filt§:r• fib!~ !:t:QO!I:~ntration in air, flee 
fibers 40o-L air 1000~L air 

per 100 fields fibers/mm 2 ..mill! sample 

200 255 0.25 0.10 

100 127 0.125 0.05 

LOQ 80 102 0.10 0.04 

50 64 0.0625 0.025 

25 32 0.03 0.0125 

20 25 0.025 0-010 

10 12.7 0.0125 0.005 

8 10.2 0.010 0.004 

LOO 5.5 7 0.00675 0.0027 

• Assumes 385 mm2 effective filter collection area, and field area= 0.00765 mm2, for relatively ~clean• 
(little particulate aside from fibers) filters. 
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THIS DA T.~ -Ct:RRENT AS OF THE FEDERAL REGISTER DATED :oiOYE.'fBER 6, 2002 

40 CFR • CHAPTER I ·PART 763 

View Part 

Appendix A tO: Subpart E of Part 763 ·-Interim Transmission Electron Microscopy Analytical 
Methods·- ~fandatory and Nonmandatory ··and Mandatory Section to Determine Completion 

of Response Actions 

I. Introduction 

The foJlowing appendix contains three units. The first unit is the mandatory transmission elecuon 
microscopy (TEM) method which all laboratories must follow; i.t is the minimum requirement for 
analysis of air sanlples for asbestos byTE~. The mandatory rriethod contains the essential elements 
of the TEM method. The second unit contains the complete non-mandatory method. The non
mandatory method supplements the mandatory method by including additional steps to improve the 
analysis. EPA recommends that the non-mandatory method be employed for analyzing air filters~ 
however, the laboratory may choose to employ the mandatory method. The non-mandatory method 
contains the same minimum requirements as are outlined in the mandatory method. Hence, 
laboratories may choose either of the two methods for analyzing air samples by TEM. 

The final unit of this Appendix A to subpan E defines the steps which must be taken to detennine 
completion of response actions. This unit is mandatory. 

U. Mandatory Transmission Electron Microscopy Method 

A. Definitions of Terms 

1. Analytical sensitivity-- Airborne asbestos concentration represented by each fiber counted under 
the electron microscope. It is determined by the air volume collected and the proportion of the filter 
examined. This method requires that the analytical sensitivity be no greater than 0.005 structures/em 
3. 

2. Asbestifonn -- A specific type of mineral fibrosicy in which the fibers and fibrils possess high 
tensile strength and flexibility. 

3. Aspect ratio-- A ratio of the length to the width of a particle. Minimum aspect ratio as defined by 

.. ./ottilter.cgi?DB=I&ACTION:View&QUERY=40&RGN=BTI&OP=and&QUERY=763&RII/8/2002 
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this method is equaJ to or greater than 5:1. 

4. Bundle·· A structure composed of three or more fibers in a paralleJ arrangement with each fiber 
closer than one fiber diameter. 

S. Clean area-- A controlled environment which is maintained and monitored to assure- a low 
probability of asbestos contamination to materials in that space. Clean areas used in this q~ethod have 
HEPA filtered air under positive pressure and are capable of sustained operation with an open 
laboratory blank which on subsequent analysis has an average of less than 18 structureslmm z·in an 
area of 0.057 mm 2 (nominally 10 200-mesh grid openings) and a maximum of 53 strUctures/rom 2 
for any single preparation for that same area. 

6. Cluster-- A structure with fibers in a random arrangement such that a11 fibers are intennixed and 
no single fiber is isolated from rhe group. Groupings must have more than two intersections. 

7. ED-- Electron diffraction. 

8. EDXA --Energy dis~rsive X-ray analysis. 

9. Fiber-- A structure greater than or equal to 0.5 ~min length with an aspect ratio (length to width) 
of 5:1 or greater and having substantially parallel sides. 

10. Grid-- An open structure .for mounting on the sample to aid in its examination in the TEM. The 
tennis used here to denote a 200-mesh copper lattice approximately 3 mm in diameter. 

I J. Intersection -- NonparaJiel touching or crossing of fibers, with the projection having an aspect 
ratio of 5:1 or greater. 

12. Laboratory sample coordinator-- That person responsible for the conduct of sample handling 
and the certification of the testing procedures. 

13. Filter background level-· The concentration of structures per square millimeter of filter that is 
considered indistinguishable from the concentration measured on a blank (filters through which no air 
has been drawn). For this method the filter background level is defined as 70 structures/nun 2. 

14. Matrix-· Fiber or fibers with one end free and rhe other end embedded in or hidden by a 
particulate. The exposed fiber must meet the fiber definition. 

15. NSD ·-No structure detected. 

16. Operator·- A penon responsible for the TEM instrumental analysis of the sample. 

17. PCM- Phase contrast microscopy. 

18. SAED --Selected area electron diffraction. 

19. SEM -·Scanning electron microscope. 

20. STEM-- Scanning transmission electron microscope. 
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21. Structure --a microscopic bundle, cluster, fiber, or matrix which may contain asbestos. 

22. Slcm 3 --Structures per cubic centimeter. 

23. S/mm 2-- Structures per square millimeter. 

24. TEM --Transmission electron microscope. B. Sampling 

1. The sampling agency must have written quality control procedures and documents which verify 
compliance. 

2. Sampling operations must be performed by qualified individuals completely independent of the 
abatement contractor to avoid possible conflict of interest (References 1, 2, 3, and 5 of Unit IJ.J.). 

3. Sampling for airborne asbestos following an abatement action must use commercia.lly available 
cassenes. 

4. Prescreen the loaded cassette collection filters to assure tbat they do not contain concentrations of 
asbestos which may inteJfere with the analysis of the sample. A filter blank average of less than 18 
sfmm 2 in an area of0.057 mm 2 (nominally 10 200·mesh grid openings) and a single preparation 
with a maximum of 53 s/mrn 2 for that same area is acceptable for this method. 

5. Use sample collection filters which are either polycarbonate having a pore size less·than or equal to 
0.4 Jlm or mixed cellulose ester having a pore size less than or equal to 0.45 ~m. 

6. Place these filters in series with a 5.0 f!rn backup filter (to serve as a diffuser) and a support pad. 
See the following Figure 1: 

bc.:no.iun Cowl 
-----l ., 

Rcl3iner Ring. 
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I Su{l;x:>rl Pa<J ) 

7. Reloading of used cassenes is not permitted. 

8. Orient the cassette downward at approx.imately 45 degrees from the horizontal. 

9. Maintain a log of all pertinent sampling information. 

10. Calibrate sampling pumps and their flow indicators over the range of their intended use with a 
recognized standard. Assemble the sampling system with a representative filter (not the filter which 
will be used in sampling) before and after the sampling operation. 

11. Record all ca.Jibration information. 

12. Ensure that the mechanical vibrations from the pump will be minimized to prevent transferral of 
vibration to the cissette. 

13. Ensure that a continuous smooth flow of negative pressure is delivered by the pump by damping 
out any pump action fluctuations if necessary. 

14. The final plastic barrier around the abatement area remains in place for the sampling period. 

15. After the area has passed a thorough visual inspection, use aggressive sampling conditions to 
dislodge any remaining dust. (See suggested prorocol in Unit ill. B. 7.d.) 

16. Select an appropriate flow rate equal to or greater than I liter per minute (Umin) or less than 10 
Umin for 25 mm cassettes: Larger filters may be operated at proportionally higher flow rates. 

17. A minimum of J3 samples are to be collected for each testing site consisting of the following: 

a. A minimum of five samples per abatement area. 

b. A minimum of five samples per ambient area positioned at locations representative of the air 
entering the abatement site. 

c. Two field blanks are to be taken by removing the cap for not more than 30 seconds and replacing it 
at the time of sampling before sampling is initiated at the following places: 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
I 

.. Jotfilter.cgi?DB=I&ACTION=View&QUERY=40&RGN=BTI&OP=and&QUERY=763&RII/8/2002 .1 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Code of Federal Regulations Search Results PageS of 45 

i. ~ear the entrance to each abatement area. 

ii. At one of the ambient sites. (DO NOT leave the field blanks open during_ the sampling period.) 

d. A sealed blank is to be carried with each sample set. This representative cassette is not to be 
opened in the field. 

18. Perfonn a leak check of the sampling system at each indoor and outdoor sampling site by 
activating the pump with the closed sampling cassette in line. Any flow indicates a leak which must 
be eliminated before initiating the sampling operation. 

19. The following Table I specifies volume ranges to be used: 
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20. Ensure that the sampler is turned upright before interrupting the pump flow. 

21. Check that all samples are clearly labeled and that all pertinent information has been enclosed 
before transfer of the samples to the laboratory. 

22. Ensure that the samples are stored in a secure and representative location. 

23. Do not change containers if portions of these filters are taken for other purposes. 

24. A summ~ry of Sample Data Quality Objectives is shown in the following Ta~le ll: 
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C. Sample Shipment 

Ship bulk samples to the analytical laboratory in a separate container from air samples .. D. Sample 
Receiving 

I. Designate one individual as sample coordinator at the laboratory. While that individual will 
nonnally be available to receive samples. the coordinator may train and supervise others in receiving 
procedures for those times when he/she is not available. · 

2. Bulk samples and air samples delivered to the analytical laboratory in the same containe.r shall be 
rejected. E. Sample Preparation 

I. All sample preparation and analysis shall be performed by a laboratory independent .of the 
abatement contractor. 

2. Wet..:wipe the exterior of the cassettes to minimize contamination possibilities before taking them 
into the clean room facility. 

3. Perfonn sample preparation in a welJ.equipped clean facility. 

>Note: The clean area is required to have the following minimum characteristics. The area or hood 
must be capable of maintaining a positive pressure with make-up air being HEPA-filtered. The 
cumulative analytical blank concentration must average less than 18 s/mm 2 in an area of 0.057 mm 2 
(nominally 10 200·mesh grid openings) and a single preparation with a maximum of 53 slmm 2 for 
that same area. 

4. Preparation areas for ajr samples must not only be separated from preparation areas for bulk 
samples. but they must be prepared in separate rooms. 

5. Direct preparation techniques are required. The object is to produce an intact film containing the 
particulates of the filter surface which is sufficiently clear for TEM analysis. 

a. TE~ Grid Opening Area measurement must be done as follows: 

i. The filter portion being used for sample preparation must have the surface collapsed using an 
acetone vapor technique. 

ii. Measure· 20 grid openings on each of 20 random 200-mesh copper grids by placing a grid on a 
glass and examining it under the PCM. Use a calibrated graticule to measure the average field 
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diameters. From the data, calculate the field area for an average grid opening. 

iii. Measurements can also be made on the TEM at a properly calibrated low magilification or on an 
optical microscope at a magnification of approximately 400X by using an eyepiece fitted with a scale 
that has been calibrated against a stage micrometer. Optical microscopy utilizing manual or 
automated procedures may be used providing instrument calibration can be verified. 

b. TE:-...-1 specimen preparation from polycarbona!e (PC) filters. Procedures as described in Un'it ID.G. 
or other equivalent methods may be used. 

c. TE.vt specimen preparation from mixed cellulose ester (MCE) fillers. 

i. Filter portion being used for sample preparation must have the surface collapsed using an acetone 
vapor technique or the Burdette procedure (Ref. 7 of Cnit IIJ.) 

ii. Plasma etching of the coliapsed filter is required. The microscope slide to which the collapsed 
filter pieces are attached is placed in a plasma asher. Because plasma ashers va{y greatly in their 
perfonnance, both from unit to unit and between different positions in the asher chamber, it is 
difficult ro specify the conditions that should be used. Insufficient etching will result in a failure to 
expose embedded filters, and too much etching may result in loss of paniculate from the surface. As 
an interim measure, it is recommended that the time for ashing of a known weight of a coiJapsed filter 
be established and that the etching rate be calculated in terms of micrometers per second. The actual 
etching time used for the paniculate asher and operating conditions will then be set such that a 1~2 
~ (10 percent) layer of collapsed swface will be removed. 

iii. Procedures as described in Unit ill. or other equivalent methods may be used to prepare samples. 
F. TEM Method 

1. An 80-120 kV TEM capable of perfonning electron diffraction with a fluorescent screen inscribed 
with calibrated gradations is required. If the TEM is equipped with EDXA. it must either have a 
STE:.\1 anachment or be capable of producing a spot less than 250 nm in diameter at crossover. The 
microscope shall be calibfated routinely for magnification and camera constant. 

2. Detenninalion of Camera Constant and ED Pattern Analysis. The camera length of the TE.'\1 in 
ED operating mode must be calibrated before ED partems on unknown samples are observed. This 
can be achieved by using a carbon-coated grid on which a thin film of gold has been spunered or 
evaporated. A thin film of gold is evaporated on the specimen TEM grid to obtain zone-axis ED 
patterns superimposed with a ring panem from the polycrystalline gold film. In practice, it is 
desirable to optimize the thickness of the gold film so that only one or two sharp rings are obtained 
on the superimposed ED pattern. Trucker gold fiJm would nonnally give multiple gold rings, but it 
will tend to mask weaker diffraction spots from the unknown fibrous particulate. Since the unknown 
d-spacings of most interest in asbestos analysis are those which lie closest to the transmitted beam, 
multiple gold rings are unnecessary on zone-axis ED patterns. An average camera constant using 
multiple gold rings can be determined. The camera constant is one-half the diameter of the rings 
times the interplanar spacing of the ring being measured. 

3. Magnification Calibration. The magnification calibration must be done at the fluorescent screen. 
The TEM must be calibrated at the grid opening magnification (if used) and also at the magnification 
used for fiber counting. This is perfonned with a cross grating replica (e.g., one containing 2.160 
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Jines/mm). Define a field of view on the fluorescent screen either by markings or physical boundaries. 
The field of view must be measurable or previously inscribed wirh a scale or concentric circles (all 
scales should be metric). A logbook must be maintained, and the dates of calibration and the values 
obtained must be recorded. The frequency of calibration depends on the pas! history of the particular 
microscope. After any maintenance of the microscope that involved adjustment of the power supplied 
to the lenses or the high-vollage system or the mechanical disassembly of the electron optical column 
apart from filament exchange, the magnification must be recalibrated. Before the TEM calibration is 
perfonned, the analyst must ensure that the cross grating replica is placed at the same distance from 
the objective lens as the specimens are. For instruments that incorporate a eucentric tilting specimen 
stage. aJl specimens and the cross grating replica musr be placed at the eucentric position. 

4. While not required on every microscope in the laboratory, the laboratory must have either one 
microscope equipped with energy dispersive X-ray analysis or access to an equivalent system on a 
TEM in another laboratory. 

5~ Microscope seuings: 80-120 kV, grid assessment 250-l.OOOX, then 15.000-20,0DOX screen 
magnification for analysis. 

6. Approximately one-half (0.5) of the predetermined sample area to be analyzed shall be perfonned 
on one sample grid preparation and the remaining half on a second sample grid preparation. 

7. Individual grid openings with greater than 5 percent openings (holes) or covered with greater than 
25 percent particulate matter or obviously having nonuniform loading must not be analyzed. 

8. Reject the grid if: 

a. Less than 50 percent of the grid openings covered by the replica are intact. 

b. The replica is doubled or folded. 

c. The replica is too dark because of incomplete dissolution of the filter. 

9. Recording Rules. 

a. Any continuOLI;S grouping of particles in which an asbestos fiber with an aspect ratio greater than or 
equal to 5:1 and a length greater than or equal to 0.5 11m JS detected shall be recorded on the count 
sheet. These wiJJ be designated asbestos structures and will be classified as fibers, bundles, clusters, 
or matrices. Record as individuaJ fibers any contiguous grouping having 0, 1, or 2 defmable 
intersections. Groupings having more than 2 intersections are to be described as cluster or matrix. An 
intersection is a nonparallel touching or crossing of fibers, with the projection having an aspect ratio 
of 5:1 or greater. See the following Figure 2: 
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i. Fiber. A structure having a minimum length greater than or equal to 0.5 Jlffi and an aspect ratio 
(length to width) of 5: I or greater and substantially parallel sides. Note the appearance of the end of 
the fiber, i.e., whelher it is flar, rounded or dovetailed. 

ii. Bllndle. A structure composed of three or more fibers in J parallel arrangement with each fiber 
closer than one fiber diameter. 

iii. Cluster. A structure with fibers in a random arrangemenl such thm all fibers are intermixed and no 
single fiber is isolated from the group. Groupings must have more than two intersections. 

iv. ,\latrix. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber mUst ineet 1he fiber definition. 

b. Separate categories will be maintained for fibers less. 1han 5 ).lffi and for fibers equal to or grea1er 
than 5 J.lm in length. 

c. Record NSDwhen no structures are detected in 1he field. 

d. Visual identification of electron diffraction (ED) par terns is required for each asbestos structure 
counted which would cause the analysis to exceed the 70 s/mm 2 concentration. (Generally this 
means the first four fibers identified as asbestos mus! e:<hibir an idenrifiable diffraction pattern for 
chrysotile or amphibole.) 

e. The micrograph number of the recorded diffraction patterns must be reported to the client and 
maintained in the. laboratory's quality assurance records. In the event that examination of the paltem 
by a qualified individual indicates that the pauem has been misidentified visually, the clienl shaH be 
contacted. 

f. Energy Dispersive X-ray Analysis (EDXA) is required of all amphiboles which would cause the 
analysis results to exceed the 70 s/mm 2 concentration. (Generally speaking, the first 4 amphiboles 
would require EDXA.) 

g. 1I the number of fibers in the nonasbestos cJass would cause the anaJysis to exceed the 70 slmrn 2 
concentration, the fact that they are no1 asbestos must be confinned by EDXA or measurement of a 
zone axis·diffraction pattern. 

h. Fibers classified as chrysotiJe must be identified by diffraction or X-ray analysis and recorded on a 
count sheer. X-ray analysis alone can be used only after 70 s/mm 2 have been exceeded for a 
particular sample. 

i. Fibers classified as amphiboles must be identified by X-ray anaJysis and electron diffraction and 
recorded on the count sheet. (X-ray analysis alone can be used only after 70 s/mm 2 have been 
exceeded for a particular sample.) 

j.lf a diffraction pattern was recorded on film. record the JIDcrograph number on the count sheet. 

k. If an electron diffraction was attempted but no pattern was observed, record N on the count sheet. 
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I. If an EDXA spectrum was attempted but not observed, record N on the count sheet. 

m. IF an X-ray analysis spectrum is stored, record the file and disk. number on the count sheet. 

10. Classification Rules. 

a. Fiber. A structure having a minimum length greater than or equal to 0.5 J.lm and an aspect ratio 
(length to width) of 5:1 or greater and substantially parallel sides. Note the appearance of the end of 
the fiber, i.e.;whether it is flat, rounded or dovetailed. 

b. Bundle. A structure composed of three or more fibers in a parallel arrangement with each fiber 
closer than one fiber diameter. 

c. Cluster. A structure with fibers in a random arrangement such that all fibers are intennixed and no 
single fiber is isolated from the group. Groupings must have mOre than two intersections. 

d. Matrix. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber must meet the fiber definition. 

11. After finishing with a grid, remove it from the microscope, and replace it in the appropriate grid 
holder. Sample grids must be stored for a minimum of l yeai from trye date of the analysis; the 
sample cassette must be retained for a minimum of 30 days by the laboratory or returned at the 
client's request. G. Sample Analytical Sequence 

. 
1. Under the present sampling requirements a minimum of 13 samples is to be collected for the 
clearance testing of an abatement site. These include five abatement area samples, five ambient 
samples, two field blanks, and one sealed blank. 

2. Carry out visual inspection of work site prior to air monitoring. 

3. Collect a minimum of 5 air samples .inside the work site and 5 samples outside the work site. The 
indoor and outdoor samples sha!J be taken during the same time period. 

4. Remaining steps in the analytical sequence are contained in Unit IV of this Appendix. H. 
Reporting 

I. The following information must be reported to the client for each sample analyzed: 

a. Concentration in structures per square millimeter and structures per cubic centimeter. 

b. Analytical sensitivity used for the analysis. 

c. Number of asbestos structures. 

d. Area analyzed. 

e. Volume of air sampled (which must be initiaJiy supplied to lab by client). 
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f Copy of the count sheet must be included with the report. 

g. Signature of laboratory official to indicate that the laboratory met specifications of the method. 

h. Report fonn must contain officiaJ laboratory identification (e.g., letterhead). 

i. Type of asbestos. I. Quality Conuoi!Quality Assurance Procedures (Data Quality IndicatOrs) 

Monitoring the environment for airborne asbestos requires the use of sensitive sampl'ing and analysis 
procedures. Because the test is sensitive, it may be influenced by a variety of factors. These include 
the supplies used in the sampling operation, the perfonnance of the sampling, the preparation of the 
grid from the filter and the acrual examination of this grid in the microscope. Each of these unit 
operations must produce a product of defined quality if the analytical result is to be a re_liable and 
meaningful test result. Accordingly, a series of control checks and reference standards are to be 
performed along with the sample analysis as indicators that the materials used are adequate and the 
operations are within acceptable limits. In this way, the quality of the d<lla is defined and the results 
are of known value. These checks and tests aJso provide timely and specific warning' of any problems 
which might develop within the sampling and analysis operations. A description of these quality 
controVquaJity assurance procedures is summarized in the following Table ill: 
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1. When the samples arrive at the laboratory, check the samples and documentation for completeness 
and requirements before initiating the analysis. 

2. Check all laboratory reagents and supplies for acceptable asbestos background levels. 
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3. Conduct all sample preparation in a clean room environment monitored by laborato(y blanks. 
Testing with blanks must also be done after cleaning or servicing the room. 

4. Prepare multiple grids of each sample. 

5. Provide laboratory blanks with each sample batch. :viaintain a cumulative average 6f theSe results. 
If lhere are more than 53 fibers/nun 2 per lO 200-mesh grid openings, the system mus1 be checked 
for possible sources of contamination. 

6. Perfonn a system check on the transmission electron microscope daily. 

7. Make periodic perfonnance checks of magnification, electron diffraction and energy dispersive X
ray systems as set fonh in Table ill under Unit ll.I. 

8. Ensure qualified operator performance by evaluation of replicate analysis and standard sample 
comparisons as set forth in Table m under Unit U.l. 

9. Validate all data entries. 

10. Recalculate a percentage of all cOmputations and automatic data reduction steps as specified in 
Table ill under Unit II.I. 

II. Record an electron diffraction pattern of one asbestos structure from every five samples that 
contain asbestos. Verify the identification of the pattern by measurement or comparison of the pattern 
with patterns collected from standards under the same conditions. The records must also demonstrate 
that the identification of the pattern has been verified by a qualified individual and that the operator 
who made the identification is maintaining at least an SO percent correct visual identification based 
on his measured patterns. 

12. Appropriate logs or records must be maintained by the analytical laboratory verifying that it is in 
compliance with the mandatory quality assurance procedures. J. References 

For additional background infonnation on this method, the following references should be consulted. 

1. "Guidance for Controlling Asbestos~Containing Materials in Buildings," EPA 560/5~85-024, June 
1985. 

2. "Measuring Airborne Asbestos Following an Abatement Action," VSEPA, Office ofPoUution 
Prevention and Toxics, EPA 600/4-85-049, 1985. 

3. Small, John and E. Steel. Asbestos Standards: Materials and Analytical Methods. N.B.S. Special 
Publication 619, 1982. 

4. Campbell, W.J., R.L. Blake, L.L. Brown, E.E. Cather, and J.J. Sjoberg. Selected Silicate Minerals 
and Their Asbestifonn Varieties. Infonnation Circular 8751, U.S. Bureau of Mines, 1977. 

5. Quality Assurance Handbook for Air Pollution Measurement System. Ambient Air Methods, EPA 
600/4-77,027a, l.:SEPA, Office of Research and Development, 1977. 
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6. Method 2A: Direct Measurement of Gas Volume through Pipes and Small Ducts. 40 CFR Part 60 
Appendix A. 

7. Burdette, OJ., Health & Safety Exec. Research & Lab. Services Div., London, "Proposed 
Analytical Method for Detennination of Asbestos in Air." 

8. Chatfield, E.J., Chatfield Tech. Cons., Ltd., Clark, T., PEl Assoc., "Standard Operating Procedure 
for. Detennination of Airborne Asbestos Fibers by Transmission Electron Mkroscopy Using 
Polycarbonate Membrane Filters,"' WERL SOP 87-1. March 5, 1987. 

9. NIOSH Method 7402 for Asbestos Fibers, 12-11-86 Draft. 

10. Yamate, G., Agarwal!, S.C~. Gibbons, R.D., DT Research Institute, "Methodology for the 
.\1easurement of Airborne Asbestos by Elec~ron Microscopy," Draft repon, USEPA Conrracr 68-02-
3266, July 1984. 

II. "Guidance to the Preparation of Quality Assurance Project Plans," USEPA, Office of Pollution 
Prevention and taxies, 1984. 

llJ. Noomandatory Transmission Electron Microscopy Method 

A. Definitions of Terms 

1. Analytical sensitivity-- Airborne asbestos concentration represented by each fiber counted under 
the electron microscope.lt is detennined by the air volume collected and the proportion of the filter 
examined. This niethod requires that the analytical sensitivity be no greater than 0.005 slcm 3. 

2. AsbesJifonn --A specific type of mineral fibrosity in which the fibers and fibrils possess high 
tensile strength and flex.ibility. 

3. Aspect ratio-· A ratio of the length to the width of a particle. Minimum aspect ratio as defined by 
this method is equal to or greater than 5: 1. 

4. Bundle -- A structure composed of three or more fibers in a parallel arrangement with each fiber 
closer than one fiber diameter. 

5. Clean area -- A controlled environment which is maintained and monitored to assure a low 
probability of asbestos contamination to materials in that space. Clean areas used in this method have 
HEPA filtered air under positive pressure and are capable of sustained operation with an open 
laboratory blank which on subsequent analysis has an average of less than 18 structureslmm 2 in an 
area of 0.057 mm 2 (nominaiJy 10 200 mesh grid openings) and a maximum of 53 structures/nun 2 
for no more than one single preparation for that same area. 

6. Cluster-- A suuctw"e with fibers in a random arrangement such that all fibers are intennixed and 
no single fiber is isolated from the group. Groupings must have more than two intersections. 

7. ED •• Electron diffraction. 
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8. EDXA ·- Energy dispersive X-ray analysis. 

9. Fiber-- A structure greater than or equal to 0.5 J.lffi in length with an aspect ratio (length to width) 
of 5: I or greater and having substantially parallel sides. 

JO. Grid-- An open structure for mounting on the sample to aid in its examin:nion in the TEM. The 
tenn is used here to denote a 200-mesh copper lattice approximately 3 mm in diameter. 

11. lmersection --Nonparallel touching or crossing of fibers, with the projection having an aspect 
ratio of 5: I or greater. 

12. Laboratory sample coordinator-- That person responsible for the conduct of sample handling 
and the certification of the testing procedures. 

13. Filter background level-- The concentration of structures per square millimeter of filter that is 
considered indistinguishable from the concentration measured on blanks (filters through which no air 
has been drawn). For this method the filter background level is defined as 70 structureslmm 2. 

14. Matrix.-- Fiber or fibers with one end free and the other end embedded in or hidden by a 
particulate. The exposed fiber must meet the fiber definition. 

15. NSD --No structure detected. 

16. Operator-- A,person responsible for the TE~ instrumental analysis of the sample. 

17. PCM -·Phase contrast microscopy. 

18. SAED --Selected area electron diffraction. 

19. SEM --Scanning electron microscope. 

20. STEM-- Scanning transmission electron nticroscope. 

21. StruciUre- a microscopic bundle, cluster, fiber, or matrix which may contain asbestos. 

22. S/cm 3 --Structures per cubic centimeter. 

23. S/mm 2 --Structures per square millimeter. 

24. TEM --Transmission electron microscope. B. Sampling 

1. Sampling operations must be perfonned by qualified individuals completely independent of the 
abatement contractor to avoid possible conflict of interest (See References l, 2. and 5 of 'C'nit ill.L.) 
Special precautions should be taken to avoid contamination of the sample. For example, materials 
that have not been prescreened for their asbestos background content should not be used; also. sample 
handling procedures which do not take cross contamination possibilities into account should not be 
used. 
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2. Material and supply checks for asbestos contamination should be made on all critiqtl supplies. 
reagents, and procedures before their use in a monitoring study. 

3. Quality control and quality assurance steps are needed to identify problem areas and isolate the 
cause of the contamination (see Reference 5 of l'nit ID.L). Control checks shall be permanently 
recorded to document the qualiry of the information produced. The sampling finn must hav:e written 
quality control procedures and documents which verify compliance. Independent audits by a qualified 
consultant or finn should be performed once a year. All documentation of compliance should be 
retained indefinitely to provide a guarantee of quality. A sununary of Sample Data Quality Objectives 
is shown in Table ll of Cnit ll.B. 

4. Sampling materials. 

a. Sample for airborne asbestos following an abatement action using commercially available 
cassettes. 

b. l:se either a cowling or a filler-retaining middle piece. Conductive material may reduce the 
potential for panic~Iates to adhere to the walls of the cowL 

c. Cassenes must be verified as "clean·· prior to use in the field. If packaged filters are used for 
loading or preloaded cassettes are purchased from the manufacturer or a distributor, the 
manufacturer's name and lot number should be entered on all field data sheets provided to the 
laboratory, and are required to be listed on aJI reports from the laboratory. 

d. Assemble the cassettes in a clean facility (See definition of clean area under Unit ID.A.). 

e. Reloading of used cassettes is not penni ned. 

f. Cse sample collection filters which are either polycarbonate having a pore size of less than or equaJ 
to 0.4 J.Ull or mixed cellulose ester having a pore size of less than or equal to 0.45 J,lm. 

g. Place these filters in series with a backup filter with a pore size of 5.0 )J.m (to serve as a diffuser) 
and a support pad. See the following Figure I: 
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h. When polycarbonate filters are used, position the highly reflective face such that the incoming 

particulate is received on this surface. 

i. Seal the cassettes to prevent leakage around the fiher edges or between cassette part joints. A 

mechanical press may be useful to achieve a reproducible leak-free seal. Shrink fit gel-bands may be 

used for this purpose and are available from filter manufacturers and their authorized distributors . 

.1· Use wrinkle-free loaded cassettes in the sampling operation. 

5. Pump setup. 

a. Calibrate the sampling pump over the range of flow rates and loads anticipated for the monitoring 

period with this flow measuring device in series. Perfonn this calibration using guidance from EPA 

Method 2A each time the unit is sent to the field (See Reference 6 of Cnit m.L.). 

b. Configure the sampling system to preclude pump vibrations from being transmitted to the cassette 

by using a sampling stand separate from the pump station and making connections with flex.ible 

tubing. 

c. Maintain continuous smooth now conditions by damping out any pump action fluctuations if 

necessary. 

d. Check the sampling system for leaks with the end cap still in place and the pump operating before 

initiating sample collection. Trace and stop the source of any flow indicated by the flowmeter under 

these conditions. 

e. Select an appropriate flow rate equal to or greater than 1 Umin or less than 10 Umin for 25 mm 

cassettes. Larger filters may be operated at proportionally higher now rates. 

f. Orient the cassette downward at approx.lmateJy 45 degrees from the horizontal. 
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g. Ylaintain a log of all peninent sampling information, such as pump identirication number, 
calibration data, sample location, date, sample identificalion number, tlow rates at the beginning, 
middle, and end, start and stop times, and other useful information or commenls. ·use of J sampJing 
log fotm is recommended. See the following Figure 2: 
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h. Initiate a chain of custody procedure at the start of each sampling, 1f this is requested by the client. 

i. Maintain a close check of all aspects of the sampling operation on a regular basis. 

j. Continue sampling untiJ at least the minimum volume is collected, as specified in the following 
Table I: 
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k. At the conclusion of sampling. tum the cassette upward before stopping the· flow to minimize 
possible particle loss. If the sampling is resumed, restart the flow before reorienting the cassette 
downward. Note the condition of the filter at the conclusion of sampling. 

I. Double check to see that all information has been recorded on the data collection forms and that the 
cassene is securely closed and appropriately identified using a waterproof label. Protect cassettes in 
individual clean resealed polyethylene bags. Bags are to be used for storing cassette caps when they 
are removed for samphng purposes. Caps and plugs should only be removed or replaced using clean 
hands or clean disposable plastic gloves. 

m. Do not change containers if portions of these filters are taken for other p~rposes. 

6. Minimum sample number per site. A minimum of 13 samples are to be collected for each testing 
consisting of the following: 

a. A minimum of five samples per abatement area. 

b. A minimum of five samples per ambient area positioned at locations representative of the air 
entering the abatement site. 

c. Two field blanks are to be taken by removing the cap for not more than 30 sec and replacing it at 
the time of sampling before sampling is initiated at the following places: 
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i. Near the entrance to each ambient area. 

ii. At one of the ambiem sites. 

(Note: Do not leave the blank open during the sampling period.) 

d. A sealed blank is to be carried with each sample set. Tltis representative cassette is not to be 
opened in the field. 

7. Abat~ment area sampling. 

a. Conduct final clearance sampling only after the primary containment barriers have been removed; 
the abatement area has been thoroughly dried; and, it has passed visual inspection tests by qualified 
personnel. (See Reference 1 of Unit lli.L.) 

b. Containment barriers over windows, doors, and air passageways must remain in place umil the 
TEM clearance sampling and analysis is completed and results meet clearance test criteria. The final 
plastic barrier remains in place for the sampling period. 

c .. Select sampling sites in the abatement area on a random basis to provide unbiased and 
represemative samples. 

d. After the area has passed a thorough visual inspection, use aggressive sampling conditions to 
dislodge any remaining dust. 

i. Equipment used in aggressive sampling such as a leaf blower and/or fan should be properly cleaned 
and decontaminated before use. 

ii. Air filtration units shall remain on during the air monitoring period. 

iii. Prior to air monitoring, floors, ceiling and walls shall be swept with the exhaust of a minimum 
one (I) horsepower leaf blower. 

iv. Stationary fans are placed in locations which will not interiere with air monitoring equipment. Fan 
air is directed toward the <:eiling. One fan shall be used for each 10.000 ft 3 of worksite. 

v. Monitoring of an abatement work area with high·volume pumps and the use of circulating fans will 
require eleclrical power. Electrical outlets in the abatement area may be used if available. If no such 
outlets are available, the equipment must be supplied with electricity by the use of extension cords 
and slrip plug units. AU electrical power supply equipment of this type must be approved Underwriter 
Laboratory equipment that has not been modified. All wiring must be grounded. Ground fault 
intenupters should be used. Extreme care must be taken to clean up any residual water and ensure 
that electrical equipment does not become wet while operational. 

vi. Low volume pumps may be carefully wrapped in 6·mil polyethylene to insulate the pump from the 
air. High volume pumps cannot be sealed in this manner since the heat of the motor may melt the 
plastic. The pump exhausts should be kept free. 
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vii. If recleaning is necessary. removal of this equipment from the work area must be handled with 
care. It is not possible to completely decontaminate the pump motor and pans since these areas 
cannot be wetted. To minimize any problems in this area, all equipment such as fans and pumps 
should be carefully wet wiped prior to removal from the abatement area. Wrapping and sealing low 
volume pumps in 6-mil polyethylene ~,~,•ill provide easier decontamination of this equipment. Use of 
clean water and disposable wipes should be available for this purpose. 

e. Pump flow rate equal to or greater than I Um.in or less than 10 Umin may be used for 25 mm 
cassettes. The larger casseue diameters may have comparably increased floW. 

f. Sample a volume of air sufficient to ensure the minimum quantitation limits. (See Table I of Unit 
m.B.S.j.J 

8. Ambient sampling. 

a. Position ambient samplers at locations representative of the air entering the abatement site. If 
makeup air entering the abatement site is drawn from another area of the building which is outside of 
the abatement area, place the pumps in the building, pumps should be placed out of doors located 
near the building and away from any obstructions that may influence wind pauems. If construction is · 
in progress immediately outside the enclosure, it may be necessary tq selec1 another ambient site. 
Samples should be representative of any air entering the work site. 

b. Locate the am~ient samplers at least 3 ft apan and protect them from adverse weather conditions. 

c. Sample same· vOlume of air as samples taken inside the abatement site. C. Sample Shipment 

1. Ship bulk samples in a separate container from air samples. Bulk samples and air samples 
delivered to the analytical laboratory in the same container shall be rejected. 

2. Select a rigid shipping container and pack the cassettes upright in a noncontarninating nonfibrous 
medium such as a bubble pack. The use of resealable polyethylene bags may help to prevent jostling 
of individual cassettes. 

3. Avoid using expanded polystyrene because of its static charge potential. Also avoid using particle
based packaging materials because of possible contamination. 

4. Include a shipping bill and a detailed listing of samples shipped, their descriptions and an 
identifying numbers or marks, sampling data, shipper's name, and contact infonnation. For each 
sample set, designate which are the ambient samples, which are the abatement area samples, which 
are the field blanks, and which is the sealed blank if sequential analysis is to be performed. 

5. Hand-carry samples to the laboratory in an upright position if possible; otherwise choose that mode 
of transportation least likely to jar the samples in transit. 

6. Address the package to the laboratory sample coordinator by name when known and alert him or 
her of the package description, shipment mode, and anticipated ani val as pan of the chain of custody 
and sample tracldng procedures. This will also help the laboratory schedule timely analysis for the 
samples when they are received. D. Quality Control/Quality Assurance Procedures (Data Quality 
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Indicators) 

Ylonitoring the environment for airborne asbestos requires the use of sensitive sampling and analysis 
procedures. Because the test is.sensitive, it may be influenced by a variety of factors. These include 
the supplies used in the sampling operation, the performance of the sampling, the preparation of the 
grid from the filter and the actual examination of this grid in the microscope. Each of these unit 
operations must produce a product of defined quality if t:he analytical result is to be a reliable and 
meaningful test result. Accordingly, a series of control checks and reference standards is perfonned 
along with the s~mple analysis as indicators that the materials used are adequate and the operations 
are within acceptable limits. In.this way, the quality of the data is defined, and the results are of 
known value. These checks and tests also provide timely and specific warning of any problems which 
might develop within the sampling and analysis operations. A description of these quality 
controUquality assurance procedures is summarized in the text below. 

I. Prescreen the loaded cassette coiJection filters to assure that they do nor contain concentrations of 
asbestos which may interfere with the anillysis of the sample. A filter blank average of less than I 8 
s/mm 2 in an afea of 0.057 mm 2 (nominally 10 200~mesh grid openings) and a maximum of 53 
stmm 2 for that same area for any single preparation is acceptable for this method. 

2. Calibrate sampling pumps and their flow indicators over the range of !heir intended use ~ith a 
recognized standard. Assemble the sampling system with a representative filter-- not the filter which 
will be used in sampling-- before and after the sampling operation. 

3. Record all calibration information with the data to be used on a standard sampling form. 

4. Ensure that the samples are stored in a secure and representative location. 

5. Ensure that mechanical calibrations from the pump will be ntinimized to prevent transferral of 
vibration to the cassette. 

6. Ensure that a continuous smooth flow of negative pressure is delivered by the pump by installing a 
damping chamber if necessary. 

7. Open a loaded cassette momentarily at one of the indoor sampling siteS when sampling is initiated. 
This sample will serve as an indoor field blank. 

8. Open a loaded cassette momentarily at one of the outdoor sampling sites when sampling is 
initiated. This sample will serve as an outdoor field blank. 

9. Carry a sealed blank into the field with each sample series. Do not open this cassette in the field. 

10. Perform a leak check of the sampling system at each indoor and outdoor sampling site by 
activating the pump with the closed sampling casseue in line. Any flow indicates a leak which must 
be eliminated before initiating the sampling operation. 

I I. Ensure that the sampler is turned upright before intenupting the pump flow. 

12. Check that all samples are clearly labeled and that all pertinent infonnation has been enclosed 
before transfer of the samples ro the laboratocy. E. Sample Receiving 
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1. Designate one individual as sample coordinator at the laboratory. While that individual will 
normally be available to receive-samples, the coordinator may train and supervise Others i.n receiving 
.procedures for those times when he/she is nor available. 

2. Adhere to the following procedures to ensure both the continued chain·Of-cuswdy and .th~ 
accountability of all samples passing through the laboratory: 

a. Note the condition of the shipping package and data written on it upon receipt. 

b. Retain all bills of lading or shipping slips to. document the shipper and delivery time. 

c. Examine the chain-of-custody seal, if any, and the package for its integrity. 

d. If there has been a break in the seal or substantive damage to the paCkage, the sampie coordinator 
shall immediately notify the shipper and a responsible laboratory manager before any_ action is taken 
to unpack the shipment_. · 

e. Packages with significant damage shall be accepted only by the responsible laboratory manager 
after discussions with the client. 

3. Unwrap the shipment in a clean, uncluttered facility. The sample coordinator or his or her designee 
will record the contents, including a description of each item and all identifying numbers or marks. A 
Sample Receiving Form to document this information is attached for use when necessary. (See the 
following Figure 3.) 
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Xote: The person breaking the chain-of-custody seaJ and itemizing the contents assumes 
responsibility for the shipment and signs documents accordingly. 

4. Assign a laboratory n~mber and schedule an anaJysis sequence. 

Page 24 of 45 

5. Manage all chain-of-custody samples within the laboratory such that their integrity can be ensured 
and documented. F.. Sample Preparation 

t'. Personnel not affiliated with the Abatement Contractor shall be used to prepare samples and 
conduct TEM analysis. Wet-wipe the exterior of the cassettes to minimize contamination possibilities 
before taking them to the clean sample preparation facility. 

2. Perform sample preparation in a well-equipped clean facility. 

~ole: The clean area is required to have the following minimum characteristics. The area or hood 
must be capable of maintaining a positive pressure with make-up air being HEPA filtered. The 
cumulative analytical blank concentration must average Jess than 18 s/mm 2 in an area of 0.057 s/mrn 
2 (nominally 10 200-mesh grid openings) with no more than one single preparation to exceed 53 
slmm 2 for that same area. 

3. Preparation areas for air samples must be separated from preparation areas for bulk samples. 
Personnel must not prepare air samples if they have previously been preparing bulk samples without 
performing appropriate personal hygiene procedures, i.e., clothing change, showering. etc. 

4. Preparation. Direct preparation techniques are required. The objective is to produce an intact 
carbon film containing the particulates from the filter surface which is sufficiently clear for TElv1 
analysis. Currently recommended direct preparation procedures for polycarbonate (PC) and mixed 
cellulose ester (MCE) filte~ are described in Unit III.F.7. and 8. Sample preparation is a subject 
requiring additional research. Variation on those steps which do not substantively change the 
procedure. which improve filter clearing or which reduce contamination problems in a laboratory are 
permitted. 

a. Use only TEM grids that have had grid opening areas measured according to directions in Unit 
m_J_ 

b. Remove the inlet and oudet plugs prior to opening the cassette to mlnirnize any pressure 
differential that may be present. 

c. Examples of techniques used to prepare polycarbonate filters are described in Unit III.F.7. 

d. Examples of techniques used to prepare mixed cellulose ester filters are described in {]nit III.F.8. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

__ Jotfilter.cgi ?OB;J&ACTIQN; View&QUER Y ;40&RGN;BTJ&QP;and&QUER Y ;763&R ll/812002 I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Code of Federal Regulations Search Results Page 25 of 45 

e. Prepare multiple grids for each sample. 

f. Store the three grids to be measured in appropriately labeled grid holders or polyethylene capsules . 
. ' 

5. Equipment. 

a. Clean area. 

b. Tweezers. Fine-point tweezers for handling of filters and TEM grids. 

c. Scalpel Holder and Curved ;.io. 10 Surgical Bl_ades. 

d. Microscope slides. 

e. Double-coated adhesive tape. 

f. Gummed page reinforcements. 

g. Micro-pipet with disposal tips 10 to 100 !lL variable volume. 

h. Vacuum coating unit with facilities for evaporation of carbon. Cse of a liquid nitrogen cold trap 
above the diffusion pump will minimize the possibility of contamination of the filter surface by oil 
from the pumping system. The vacuum-coating unit can also be used for deposition Of a thin film of 
gold. 

i. Carbon rod electrodes. SpectrochemicaJly pwe carbon rods are required for use in the vacuum 
evaporator for carbon coating of filters. 

j. Carbon rod sharpener. This is used to sharpen carbon rods to a neck. The use of necked carbon 
rods (or equivalent) allows the carbon to be applied to the filters with a minimum of heating. 

k. Low-temperature plasma asher. This is used to etch the surface of collapsed mixed cellulose ester 
(MCE) filters. The asher should be supplied with oxygen, and should be modified as necessary to 
provide a throttle or bleed valve to control the speed of the vacuum to minimize disturbance of the 
filter. Some early models of ashers admit air too rapidly, which may disturb particulates on the 
surface of the filter during the etching step. 

I. Glass petn' dishes, 10 em in diameter, 1 em high. For prevention of excessive evaporation of 
solvent when these are in use. a good seal must be provided between the base and the lid. The seal 
can be improved by grinding the base and lid together with an abrasive grinding material. 

m. Stainless steel mesh. 

n. Lens tissue. 

o. Copper 200-mesh TEM grids, 3 mm in diameter, or equivalent. 

p. Gold 200-mesh TEM grids, 3 mm in diameter, or equivalent. 
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q. Condensation washer. 

r. Carbon~coated, 200~mesh TEM grids, or equivalent. 

s. Analytical balance, 0.1 mg sensitivity. 

t. Filter paper, 9 em in diameter. 

u. Oven or slide wanner. Must be capable of maintaining a temperature of 65~70 °C. 

v. Polyurethane foam, 6 mm thickness. 

w. Gold wire for evaporation. 

6. Reagents.· 

a. General. A supply of ultra-clean, fiber-free water must be available for washing of all components 
used in the analysis. Water that has been distilled in glass or filtered or deionized water is satisfactory 
for this purpose. Reagents must be fiber-free. 

b. Polycarbonate preparation method --chloroform. 

c. !\.1ixed Cellulose Ester (.MCE) preparation method-~ acetone or the Burdette procedure (Ref. 7 of 
Unit m.L.). 

7. TEM specimen preparation from polycarbonate filters. 

a. Specimen preparation laboratory. II is most important to ensure that contamination of TEM 
specimens by extraneous asbestos fibers is minimized during preparation. 

b. Cleaning of sample cassettes. Upon receipt at the anal )'tical laboratory and before they are taken 
into the clean facility or laminar flow hood, the sample cassettes must be cleaned of any 
contamination adhering to the outside surfaces. 

c. Preparation of the carbon evaporator. If the polycarbonate filter has already been carbon-coated 
prior to receipt, the carbon coating step will be omitted, unless the analyst believes the carbon film is 
too thin. If there is a need to apply more carbon, the filter will be treated in the same way as an 
uncoated filter. Carbon coating must be perfonned with a high-vacuum coating unit. Units that are 
based on evaporation of carbon filaments in a vacuum generated only by an oil rotary pump have not 
been evaluated for this application, and must not be used. The carbon rods should be sharpened by a 
carbon rod sharpener to necks of about 4 mm long and 1 mm in diameter. The rods are installed in the 
evaporator in such a manner that the points are approximately 10 to 12 em from the surface of a 
microscope slide held in the rotating and tilting device. 

d. Selection of filter area for carbon coating. Before preparation of the filters, a 75 mm x 50 mm 
microscope slide is washed and dried. This slide is used to support strips of filter during the carbon 
evaporation. Two parallel strips of double·sided adhesive tape are applied along the length of the 
slide. PC?Iycarbonate filters are easily stretched during handling, and cutting of areas for further 

.. ./otfi lter.cgi ?DB= I &ACTION= View&QUER Y =40&RGN=BT!&0P=and&QUER Y = 763&R 1118/2002 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

------------------ -- - ----

· Code of federal Regulations Search Results Page 27 of 45 

preparation must be perfonned with great care. The filter and the MCE backing filter are removed 
together from the cassene and placed on a cleaned glass microscope slide. The filter can be cut with a 
curved scalpel blade by rocking the blade from the point placed in contact with the filter. The process 
can be repeated to cut a strip approximately 3 nun wide across the diameter of the filter. The strip of 
polycarbonate filter is separated from the corresponding strip of backing filter and carefully placed so 
that it bridges the gap between the adhesive rape strips on the microscope slide. The filter strip can be 
held with fine· point ·tweezers and supported underneath by the scalpel blade during placement on the 
microscope slide. The analyst can place several such strips on the same microscope slide, taking care 
to rinse and wet-wipe the scalpel blade and tweezers before handling a new sample. The filter strips 
should be identified by etching the glass slide or marking the slide using a marker insoluble in water 
and solvents. After the filter strip has been cut from each filler, the residua) parts of the filter must be 
returned to the cassette and held in position by reassembly of the cassette. The cassette will then be 
archived for a period of 30 days or returned to the client upon request. 

e. Carbon coating of fiher strips. The glass slide holding the filter strips is placed on the rotation
tihing device, and the evaporator chamber is evacuated. The evaporation must be perfonned in vel)' 
shon bursts, separated by some seconds to allow the electrodes to cool. If evaporation is too rapid, the 
strips of polycarbonate filter will begin to curl, which will lead to cross-linking of the surface 
material and make it relatively insoluble in chlorofonn. An experienced analyst can judge the 
thickness of carbon film to be applied, and some test should be made first on unused filters. If the 
film is too thin, large particles will be lost from the TEM specimen, a,nd there will be few complete 
and undamaged grid openings on the specimen. If the coating is too thick, the filter will tend to curl 
when exposed to chloroform vapor and the carbon film may not adhefe to the support mesh. Too 
thick a carbon film will also lead to a TEM image that is lacking in contrast, and the ability to obtain 
ED patterns will be compromised. The carbon film should be as thin as possible and remain intact on 
most of the grid openings of the TEM specimen intact. 

f. Preparation of the Jaffe washer. The precise design of the Jaffe washer is not considered important, 
so any one of the published designs may be used. A washer consisting of a simple stainless steel 
bridge is recommended. Several pieces of lens tissue approximately 1.0 em x 0.5 em are placed on 
the stainless steel bridge, and the washer is filled with chlorofonn to a le .... el where the meniscus 
contacts the underside of the mesh, which results in saturation of the lens tissue. See References 8 
and 10 of l:nit m.L. 

g. Placing of specimens into the Jaffe washer. The TEM grids are first placed on a piece of lens tissue 
so that individual grids can.be picked up with tweezers. Using a curved scalpel blade, the analyst 
excises three 3 mm square pieces of the carbon-coated polycarbonate filter from the filter strip~ The 
three squares are selected from the center of the strip and from two points between the outer 
periphery of the active surface and the center. The piece of filter is placed on a TEM specimen grid 
with the shiny side of the TE:M grid facing upwards, and the whole assembly is placed boldly onto the 
saturated lens tissue in the Jaffe washer. If carbon-coated grids are used, the filter should be placed 
carbon-coated side down. The three excised squares of filters are placed on the same piece of lens 
tissue. Any number of separate pieces of lens tissue may be placed in the same Jaffe washer. The lid 
is then placed on the Jaffe washer, and the system is allowed to stand for several hours, preferably 
overnight. 

h. Condensation washing. It has been found that many polycarbonate filters will not dissolve 
completely in the Jaffe washer, even after being exposed to chloroform for as long as 3 days. This 
problem becomes more serious if the surface of the filter was overheated during the carbon 
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evaporation. The presence of undissolved filter medium on the TE~ preparation leads to partial or 
complete obscuration of areas of the sample, and fibers that may be present in these ar.eas of the 
specimen will be overlooked; this will lead to a low result. Vndisso\ved filter medium also 
compromises the ability to obtain ED patterns. Before they are counted, TEM grids must be examined 
critically to determine whether they are adequately cleared of residual filter medium. It has been 
found that condensation washing of the grids after the initial Jaffe washer treatment, with chloroform 
as the solvent, clears all residual filter medium in a period of approximately 1 hour. In practice, the 
piece of lens tissue supporting the specimen grids is transferred to the cold finger of the condensation 
washer, and the washer is operated for about 1 hour. If the specimens are cleared satisfactorily by the 
Jaffe washer alone, the condensation washer step may be unnecessary. 

8. TEM specimen preparation from MCE filters. 

a. This method of preparing TEM specimens from MCE filters is similar to that specified in !\10SH 
Method 7402. See References 7, 8, and 9 of C'nit ID.L. 

b. Upon receipt at the analytical laboratory, the sample cassettes must be cleaned of any 
contamination adhering to the outside surfaces before entering the clean sample preparation area. 

c. Remove a section from any quadrant of the sample and blank filters. 

d. Place the section on a clean microscope slide. Affix the filter section to the slide with a gummed 
paged reinforcement or other suitable means. Label the slide with a water and solvent·proof marking 
pen. 

e. Place the slide in a petri dish which contains several paper filters soaked with 2 to 3 mL acetone. 
Cover the dish. Wait 2 to 4 minutes for the sample filter to fuse and clear. 

f. Plasma etching of the collapsed filter is required. 

i. The microscope slide to which the collapsed filter pieces are attached is placed in a plasma asher. 
Because plasma ashers vary greatly in their performance, both from unit to unit and between different 
positions in the asher chamber, it is difficult to specify the conditions that should be used. This is one 
area of the method that requires further evaluation. Insufficient etching will result in a failure to 
expose embedded filters, and too much etching may result in loss ofpaniculate from the surface. As 
an interim measure, it is recommended that the time for ashing of a known weight of a collapsed filter 
be established and !hal rhe elching rate be calculated in terms of micrometers per second. The actuaJ 
etching time used for a particular asher and operating conditions will then be set such that a l ~2 J..lffi 
( 10 percent) layer of collapsed surface will be removed. 

ii. Place the slide containing the collapsed filters into a low~temperature plasma asher, and etch the 
filter. 

g. Transfer the slide to a rotating stage inside the bell jar of a vacuum evaporator. Evaporate a 1 mm x 
5 mm section of graphite rod onto the cleared filter. Remove the slide to a clean. dry, covered petri 
dish. 

h. Prepare a second petri dish as a Jaffe washer with the wick.ing substrate prepared from filter or lens 
paper placed on top of a 6 nun thick disk of clean spongy polyurethane foam. Cut a V ·notch on the 
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edge of the foam and filter paper. Use the V -notch as a reservoir for adding solvent. T~e wick.ing 
substrate should be thin enough to fit into the petri dish without touching the lid. 

i. Place carbon-coated TEM grids face up on the filter or lens paper. Label the grids by murking with 
a pencil on the filter paper or by putting registration marks on the petri dish lid and m;ri'king with a 
waterproof marker on the dish lid. In a fume hood, fill the dish with acetone until the 'Yick.ing 
substrate is saturated. The level of acetone should be just high enough to saturite the filter paper 
without creating puddles. 

j. Remove about a quarter section of the carbon-coated filter samples from the glass slides using a 
surgical knife and tweezers. Carefully place the section of the filter, carbon side down, on the 
appropriately labeled grid in the acetone-saturated petri dish. When all filter sections:ha~e been 
transferred, slowly add more solvent to the wedge-shaped trough to bring the .acetone level up to the 
highest possible level without disturbing the sample preparations. Cover the petri dish. Elevate one 
side of the petri dish by placing a slide under it. This allows drops of condensed solvent vapors to 
form near the edge rather than in the center where they would drip onto the grid preparation. G. TEM 
:\l!ethod 

1. Instrumentation. 

a. Use an 80-120 kV TEM capable of performing electron diffraction with a fluorescent screen 
inscribed with calibrated gradations. If the TEM is equipped with EDXA it must either bave a STE~ 
attachment or be capable of producing a spot less than 250 nm in diameter at crossover. The 
microscope shall be calibrated routinely (see Unit ll.J.) for magnjfication· and camera constant. 

b. While not required on every microscope in the laboratory, the laboratory must have either one 
microscope equipped with energy dispersive X-ray analysis or access to an equivalent system on a 
TEM in another laboratory. This must be an Energy Dispersive X-ray Detector mounted on TEM 
column and associated hardware/software to collect, save, and read out spectral infonnation. 
Calibration of Multi-Channel Analyzer shall be checked regularly for AI at 1.48 KeV and Cu at 8.04 
KeV, as well as the manufacturer's procedures. 

i. Standard replica grating may be used to determine magnification (e.g., 2160 lines/nun). 

ii. Gold standard may be used to determine camera constant. 

c. Use a specimen holder with single tilt and/or double tilt capabilities. 

2. Procedure. 

a. Start a new Count Sheet for each sample to be analyzed. Record on count sheet: analyst's initials 
and date: lab sample number; client sample number microscope identification; magnification for 
analysis; number of predetermined grid openings to be analyzed; and grid identification. See the 
following Figure 4: 
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b. Check that the microscope is properly aligned and calibrated according to the manufacturer's 
specifications and instructions. 

c. Microscope settings: 80-120 kV, grid assessment 250-IOOOX, then 15,000·20,000X screen 
magnification for anaJysis. 

d. Approximately one-half (0.5) of the predetermined sample area to be analyzed shaJI be performed 
on one sample grid preparation and the remaining half on a second sample grid preparation. 

e. Determine the suitability of the grid. 

i. IndiVidual grid openings with greater than 5 percent openings (holes) or covered with greater than 
25 percent particulate matter or obviously having nonuniform loading shall not be analyzed. 

ii. Examine the grid at low magnification (<lOOOX) to detennine its suitability for detailed study at 
higher magnifications. 

iii. Reject the grid if: 
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(I) Less than 50 percent of the grid openings covered by the replica are intact. 

(2) It is doubled or folded. 

(3) It is too dark because of incomplete dissolution of the filter. 

iv. If the grid is rejected, load the next sample grid. 

v. If the grid is acceptable, continue on to Step 6 if mapping is to be used; otherwise proceed to Step 
1. 

f. Grid Map (Optional). 

i. Set the TEM to the low magnification mode. 

ii. Use nat edge or finder grids for mapping. 

iii. Index the grid openings (fields) to be counted by marking the acceptable fields for one·half (0.5) 
of the area needed for analysis on each of the rwo grids to be analyzed. These may be marked just 
before examining each grid opening (field). if desired. 

iv. Draw in any details which will allow the grid to be properiy orient.ed if it is reloaded into the 
nUcroscope and a particular field is to be reliably identified. 

g. Scan the grid. , 

i. Select a field to start the exanUnation. 

ii. Choose the appropriate magnification ( 15,000 to 20,000X screen magnification). 

iii. Scan the grid as follows. 

(I) At the selected magnification, make a series ofparnllel traverses across the field. On reaching the 
end of one traverse, move the image one window and reverse the traverse. 

Note: A slight overlap should be used so as not to miss any part of the grid opening (field). 

(2) Make parallel traverses untiJ the entire grid opening (field) has been scanned. 

h. Identify each slructure for appearance and size. 

i. Appearance and size: Any continuous grouping of particles in which an asbestos fiber within aspect 
ratio greater than or equal to 5:1 and a length greater than or equal to 0.5 l.lJ1l is detected shall be 
recorded on the count sheet. These will be designated asbestos structures and will be cJassified as 
fibers, bundles, clusters, or matrices. Record as individual fibers any contiguous grouping having 0, 
I. or 2 definable intersections. Groupings having more than 2 intersections are to be described as 
cluster or matrix. See the following Figure 5: 
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An intersection is a non-parallel touching or crossing of fibers, with the projection having an aspect 
ratio of 5:1 or greater. Combinations such as a matrix and cluster, matrix and bundle, or bundle and 
cluster are categorized by the dominant fiber quality -- cluster, bundle, and matrix, respectively. 
Separate categories will be maintained for fibers less than 5 ~m and for fibers greater than or equal to 
5 ~m in length. Not required, but useful, may be to record the fiber length in 1 ).U11 intervals. (Identify 
each structure morphologically and analyze it as it enters the ''window".) 

(1) Fiber. A structure having a minimum length greater than 0.5lJ.m and an aspect ratio (length to 
width) of 5: J or greater and substantially parallel sides. Note the appearance of the end of the fiber, 
i.e., whether it is nat, rounded or dovetailed, no intersections. 

(2) Bundle. A structure composed of 3 or more fibers in a parallel arrangement with each fiber closer 
than one fiber diameter. 

' 
(3) Cluster. A structure with fibers in a random arrangement such that all fibers are intermixed and no 
single fiber is iso~ated from the group; groupings must have mo~ than 2 intersections. 

(4) Matri..r. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber must meet the fiber definition. 

(5) NSD. Record NSD when no strUctures are detected in the field. 

(6) Intersection. Non-paralJel touching or crossing of fibers, with the projectiOn having an aspect ratio 
5:1 or greater. 

ii. Structure Measurement. 

(1) Recognize the structure that is to be sized. 

(2) Memorize its location in the "window" relative to the sides, inscribed square and to other 
particulates in the field so this exact location can be found again when scanning is resumed. 

(3) Measure the structure using the scale on the screen. 

(4) Record the length category and structure type classification on the count sheet after the field 
number and fiber number. 

(5) Return the fiber to its original location in the window and scan the rest of the field for other 
fibers; if the direction of travel is not remembered, return to the right side of the field and begin the 
traverse _again. 
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i. Visual identification of Electron Diffraction (ED) pauerns is required for each asbestos structure 
counted which would cause the analysis to exceed the 70 s/mm 2 concentration. (Generally this 
means the first four fibers identified as asbestos must exhibit an identifiable diffraction pattern for 
chrysotile or amphibole.) · 

i. Center the structure, focus. and obtain an ED pattern. (See Microscope Instruction Manual for more 
detailed instructions.) 

ii. From a visual ex.amination of the ED pattern, obtained \Vith a short camera length, classify the 
observed structure as belonging to one of the following classifications: chrysotile, amphibole, or 
nonasbestos. 

(1) Chrysotile: The chrysotile <Jsbestos pauem has characteristic streaks on the layer lines other than 
the central line and some streaking also on the central line. There will be spots of normal sharpness 
on the central layer line and on alternate lines (2nd, 4th, etc.). The repeat distance between layer lines 
is 0.53 nm and the cemer doublet is at 0.73 nm. The pattern should display (002), (110). (130) 
diffraction maxima; distances and geometry' should match a chrysotile pattern and be measured 
semiquantitatively. 

(2) Amphibole Group [includes grunerite (amosite), crocidolite, anthophyllite, tremolite, and 
actinolite]: Amphibole asbestos fiber patterns show layer lines formed by very closely spaced dots, 
and the repeat distance between layer lines is also about 0.53 nm. Streaking in layer lines is 
occasionally present due to crystal structure defects. 

(3) NonaSbestos: Incomplete or unobtainable ED patterns, a non asbestos EDXA. or a non asbestos 
morphology. 

iii. The micrograph number of the recorded diffraction patterns must be reported to the client and 
maintained in the laboratory's quality assurance records. The records must also demonstrate that the 
identification of the pattern has been verified by a qualified individual and that the operator who 
made the identification is maintaining at least an 80 percent correct visual identification based on his 
measured patterns. In the event that examination of the pattern by the qualif1ed individual indicates 
that the pattern had been misidentified visually, the client shall be contacted. If the pattern is a 
suspected chrysotile, take a photograph of the diffraction pattern at 0 degrees tilt. If the structure is 
suspected to be amphibole, the sample may have to be tilted to obtain a simple geometric array of 
spots. 

j. Energy Dispersive X-Ray Analysis (EDXA). 

i. Required of all amphiboles which would cause the analysis results to exceed the 70s/nun 2 
concentration. (Generally speaking, the first 4 amphiboles would require EDXA.) 

ii. Can be used alone to confinn chrysotile after the 70 slmm 2 concentration has been exceeded. 

iii. Can be used alone to confirm aJJ nonasbestos. 

iv. Compare spectrum profiles with profiles obtained from asbestos standards. The closest match 
identifies and categorizes the structure. 
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v. If the EDXA is used for confirmation, record the properly labeled spectrum on a corilputer disk, or 
if a hard copy, file with analysis data. · 

vi. If the number of fibers in the nonasbestos class would cause the analysis to exceed the 70 s/mm 2 
concentration. their identities must be confinned by EDXA or measurement of a zone' axis diffraction 
pattern to establish that the particles are nonasbestos. · 

k. Stopping Rules. 

i. If more than 50 asbestifonn structures are counted in a particular grid opening, the analysis may be 
terminated. 

ii. After having counted 50 asbestiform structures in a minimum of 4 grid openings,. the analysis may 
be terminated. The grid opening in which the 50th fiber was coun1ed must be completed; 

iii. For blank samples, the analysis is always continued until 10 grid openings have been 8nalyz~d. 

iv. In all other samples the analysis shaJJ be continued until an analytical sensitivity of 0.00~ s/cm 3 is 
reached. 

I. Recording Rules. The count sheet should contain the following information: 

i. Field (grid opening): List field number. 

ii. Record "':\'SD" if no structures are detected. 

iii. Structure information. 

(1) If fibers, bundles, clusters, and/or matrices are found, list them in consecutive numerical order, 
starting over with each field. 

(2) Length. Record length category of asbestos fibers examined. Indicate if less than 5 J.tm or greater 
than or equal to 5 J.Lm. 

(3) Structure Type. Positive identification of asbestos fibers is required by the method. At Jeasrone 
diffraction pattern of each fiber type from every fiye samples must be recorded and compared with a 
standard diffraction pattern. For each asbestos fiber reponed, both a morphological descriptor and an 
identification descriptor shall be specified on the count sheet. 

(4) Fibers classified as chrysotile must be identified by diffraction and/or X-ray analysis and recorded 
on the count sheet. X-ray analysis alone can be used as sole identification only after 70s/nun 2 have 
been exceeded for a particular sample. 

(5) Fibers classified as amphiboles must be identified by X-ray analysis and electron diffraction and 
recorded on the count sheet. (X-ray analysis alone can be used as sole identification only after 
70s/mm 2 have been exceeded for a particular sample.) 

(6) If a diffraction pattern was recorded on film, the micrograph number must be indicated on the 
...... -·· ... 
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c.:oum :sneel. 

(7) If an electron diffraction was attempted and an appropriate spectra is not observed, :-.J should be 
recorded on the count sheet. 

(8) If an X-ray analysis is attempted but nm observed, N should be recorded on the count sheet. 

(9) If an X-ray analysis spectrum is stored, the file and disk number must be recorded on the count 
sheet. 

m. Classification Rules. 

i. Fiber. A structure having a minimum length greater than or equal to 0.5 11m and an aspect ratio 
(length to width) of 5:1 or greater and substantially parallel sides. Note the appearance of the end of 
the fiber, i.e., whether it is flat, rounded or dovetailed. 

ii. Bundle. A structure composed of three or more fibers in a parallel arrangement with each fiber 
clOser than one fiber diameter. 

iii. Clusier. A structure with fibers in a random arrangement such that all fibers are intennixed and no 
single fiber is isolated From the group. Groupings must have more than two intersections. 

iv. Matri..t. Fiber or fibers with one end free and the other end embedded in or hidden by a particulate. 
The exposed fiber must meet the fiber definition. 

v. NSD. Record NSD when no structures are detected in the field. 

n. After all necessary analyses of a particle structure have been completed, return the goniometer 
stage to 0 degrees, and return the structure to its original location by recall of the original location. 

o. Continue scanning until all the structures are identified, classified and sized in the field. 

p. Select additional fields (grid openings) at low magnification; scan at a chosen magnification 
(15,000 to 20,000X screen magnification); and analyze until the stopping rule becomes applicable. 

q. Carefully record aB data as they are being collected, and check for accuracy. 

r. After finishing with a grid, remove it from the microscope, and replace it in the appropriate grid 
hold. Sample grids must be stored for a minimum of 1 year from the date of the analysis; the sample 
cassette must be retained for a minimum of 30 days by the laboratory or returned at the client's 
request H. Sample Analytical Sequence 

1. Carry out visual inspection of work site prior to air monitoring. 

2. Collect a minimum of five air samples inside the work site and five samples outside the work site. 
The indoor and outdoor samples shall be taken during the same time period. 

3. Analyze the abatement area samples according to this protocol. The analysis must meet the 0.005 
s/cm 3 analytical sensitivity. 
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.4. Remaining steps in the analytical sequence are contained in Unit IV. of this Appendix. I. Reporting 

The following information must be reported to the client. See the ~allowing Table ll: 

·~;:-
' ~· ::!'::.• i::::::" : 

' 

~ ':;' ~= ~..,.,.,. ~ 

' 

View or Download PDF 

1. Concentration in structures per square millimeter and structures per cubic centimeter. 

2. Analytical sensitivity used for the analysis. 

3. Number of asbestos structures. 

4. Area analyzed. 

5. Volume of air samples (which was initially provided by cJient). 

6. Average grid size opening. 

7. Number of grids analyzed. 

8. Coov of the count sheet must be included with the reoort. 
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9. Signature of laboratory official to indicate that the laboratory met specifications of the AHERA 
method. 

10. Report form must contain official laboratory identification (e.g., letterhead). 

11. Type of asbestos. J. Calibration Methodology 

Note: Appropriate implementation of the method requires a person knowledgeable in electron 
diffraction and mineral identification by ED and EDXA. Those inexperienced laboratories wishing to 
develop capabilities may acquire necessary knowledge through analysis of appropriate standards and 
by following detailed methods as described in References 8 and 10 of Unit m.L. 

1. Equipment Calibrarion. In this method, calibration is required for the air-sampling equipment and 
the transmission electron microscope (TE.\.1). 

a. TEM Magnificarion. The magnification at the fluorescent screen of the ffi"l must be calibrated at 
the grid opening magnification (if used) and also at the magnification used for fiber counting. This is 
performed with a cross grating replica. A logbook must be maintained, and the dates of calibration 
depend on the past history of the particular microscope; no frequency is specified. After any 
maintenance of the microscope that involved adjustment of the power supplied to the lenseS or the 
high-voltage system or the mechanical disassembly of the electron optical column apart from filament 
ex.change, the magnification must be recalibrated. Before the TEM calibration is performed, the 
analyst must ensure that the cross grating replica is placed at the same distance from the objective 
lens as the specimens are. For instruments that incorporate an eucentric tilting specimen stage, all 
speciments and the cross grating replica must be placed at the eucentric position. 

b. Determination of the TEM magnification on the fluorescent screen. 

i. Define a field of view on the fluorescent screen either by markings or physical boundaries. The 
field of view must be measurable or previously inscribed with a scale or concentric circles (all scales 
should be metric). 

ii. Insert a diffraction grating replica (for example a grating containing 2,160 Jines/mm) into the 
specimen holder and place into the microscope. Orient the replica so that the grating lines faJI 
perpendicular to the scale on the TEM fluorescent screen. Ensure that the goniometer stage tilt is 0 
degrees. 

iii. Adjust microscope magnification to IO,OOOX or 20,000X. Measure the distance (mm) between 
two widely separated lines on the grating replica. Note the number of spaces between the lines. Take 
care to measure between the same relative positions on the lines (e.g., between left edges of Jines). 

Note: The more spaces included in the measurement, the more accurate the final calculation. On most 
microscopes, however, the magnification is substantially constant only within the central 8-10 em 
diameter region of the fluorescent screen. 

iv. Calculate the true magnification (M) on the fluorescent screen: 

... 1 v,-."' 
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where: 

X=total distance (mm) between the designated grating lines; 

G=calibration constant of the grating replica (lim;:s/mm): 

Y;:number of grating replica spaces counted along X. 

c. Calibration of the EDXA System. Initially, the EDXA system must be calibrated by using two 
reference elements to calibrate the energy scale of the instrument. When this has been.completed in 
accordance with the manufacturer's instructions, calibration in terms of the different ty"pes of asbestos 
can proceed. The EDXA detectors vary in both solid angle of detection and in window thickness. 
Therefore, at a particular accelerating: voltage in use on the TE.:'vl:, the count rate obtained from 
specific dimensions of fiber will vary both in absolute X-ray count rate and in the relative X~ray peak 
heights for different elements. Only a few minerals are relevant for asbestos abatement work, and in 
this procedure the calibration is specified in terms Of a "fingerprint" technique. The EDXA spectra 
must be recorded from individual fibers of the relevant minerals, and identifications are made on the 
basis of semiquantitative comparisons with these reference spectra. 

d. Calibration of Grid Openings. 

i. Measure 20 grid openings on each of 20 random 200-mesh copper grids by placing~ grid on a glass 
slide and examining it under the PCM. Vse a calibrated- graticule to measure the average field 
diameter and use this number to calculate the field area for an average grid opening. Grids are to be 
randomly selected from batches up to 1,000. 

~ote: A grid opening is considered as one field. 

ii. The mean grid opening area must be measured for the type of specimen grids in use. This can be 
accomplished on the TEM at a properly calibrated low magnification or on an oplical microscope at a 
magnification of approximately 400X by using an eyepiece fined with a scale that has been calibrated 
against a stage micrometer. Optical microscopy utilizing manual or automated procedures may be 
used providing instru-ment calibration can be verified. 

e. Determination of Camera Constant and ED Pattern Analysis. 

i. The camera length of the TE!\1 in ED operating mode must be calibrated before ED patterns on 
unknOY.11 samples are observed. This can be achieved by using a carbon-coated grid on which a thin 
film of gold has been sputtered or evaporated. A thin film of gold is evaporated on the specimen 
TEM grid to obtain zone·axis ED patterns superimposed with a ring pattern from the polycrystalline 
gold film. 

ii. In praCtice, it is desirable to optimize the thickness of the gold film so that only one or two sharp 
rings are obtained on the superimposed ED pattern. Thicker gold film would nonnally give multiple 
gold rings. but it will tend to mask weaker diffraclion spors from the unknown fibrous particulates. 
Since the unknown d-spacings of most interest in asbestos analysis are those which lie closest to the 
transmitted beam, multiple gold rings are unnecessary on zone-axis ED patterns. An average camera 
~.-.. .. .-• ... .-.• , • .,: .. ~ _.,h: .. l.., ~~I-"'..; .. --. .. ,.., .... 1..."' ..! ............ ; .... ,.._., Tl....., ..,,_,_.. ,.,.. ....... , ... ;,.. ....... .., 1. .. 1~ •1.• A;,..., ... .,. 
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D, of the rings times the inteflllanar spacing, d, of the ring being measured. K. Quality 
Control/Quality Assurance Procedures (DJ.ta Quality Indicators) 

Monitoring the environment for airborne asbestos requires the use of sensitive sampling and analysis 
procedures. Because the test is sensitive, it may be innuenced by a variety of factors. These include 
the supplies used in the sampling operation, the performance of the sampling, the preparation of the 
grid from the filter and the actual ex.am.ination of this grid in the microscope. Each of these unit 
operations must produce a product of defined quality if the anaJyticaJ result is to be a reliable and 
meaningful test result. Accordingly, a series of control checks and reference standards is performed 
along with th.e sample analysis as indicators that the materials used are adequate J.nd the operations 
are within acceptable limits. In this way. the quality of the data is defined and the resuhs are of 
known value. These checks and tests also provide timely and specific warning of any problems which 
might develop with iii the sampling and analysis operations. A description of these quality 
controVquality assurance procedures is sununarized in the following Table ill: 
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L When the samples arrive at the laboratory. check the samples and documentation for completeness 
and requirements before initiating the analysis. 

2. Check all laboratory reagents and supplies for acceptable asbestos background levels. 

3. Conduct all sample preparation in a clean room environment monitored by laboralory blanks and 
special testing after cleaning or servicing the room. 

4. Prepare multiple grids of each sample. 

5. Provide laboratory blanks with each sample batch. Maintain a cumulative average of these results . 
• , ·' . ·' ... .., n '"' •,.,. ""'"' • . ·' . ' ·' ~ 
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possible sources of contamination. 

6. Check for recovery of asbestos from cellulose ester filters submitted to plasma asher. 

7. Check for asbestos carryover in the plasma asher by including a blank alongside the positive 
control sample. · · 

8. Perfonn-a systems check on the transmission electron microscope daily. 

9. Make periodic performance checks of magnification, electron diffraction and energy dispersive X
ray systems as set forth in Table ill of Unit ill.K. 

10. Ensure qualified operator perfonnance by evaluation of replicate counting, duplicate analysis, and· 
standard sample comparisons as set forth in Table m of Unit m.K. 

11. Validate all data entries. 

12. Recalculate a percentage of all computations and automatic data reduction steps as sPecified in 
Table m. 

13. Record an electron diffraction pattern of one asbestos structure from every five samp.les that 
contain asbestos. Verify the identification of the pattern by measurement or comparison of the pattern 
with panerns collected from standards under the same conditions. The ourJine of quality control 
procedures presented above is viewed as the minimum required to assure that quaJity data is produced 
for clearance testing of an asbestos abated area. Additional information may be gained by other 
control tests. Specifics on those control procedures and options available for environmental testing 
can be obtained by consulting References 6, 7, and 11 of Unit m.L. L. References 

For additional background information on this method the following references should be consulted. 

l. "Guidelines for Controlling Asbestos-Containing Materials in Buildings," EPA 560/5-85-024, June 
1985. 

2. "Measuring Airborne Asbestos Following an Abatement Action," USEP/Office of Pollution 
Prevention and Taxies, EPA 600/4-85-049, 1985. 

3. SmaiJ, John and E. Steel. Asbestos Standards: Materials and Analytical Methods. ~.B.S. SpeciaJ 
Publication 619, 1982. 

4. Campbell, W.J., R.L. Blake, L.L. Brown, E.E. Cather, and J.J. Sjoberg. Selected Silicate MineraJs 
and Their Asbestifonn Varieties. Infonnation Circular 8751, U.S. Bureau of Mines, 1977. 

5. Qualil)' Assurance Handbook for Air Pollution Measurement System. Ambient Air )~let hods, EPA 
600/4-77-027a, USEPA, Office of Research and Development. 1977. 

6. Ylethod 2A: Direct Measurement of Gas Volume Through Pipes and Small Ducts. 40 CFR Part 60 
Appendix A. 
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Anal;-tical Method-for Determination of Asbestos in Air.'' 

8. Chatfield, E.J., Chatfield Tech. Cons., Ltd., Clark, T., PEJ Assoc. "Standard Operating Procedure 
for Determination of Airborne Asbestos Fibers by Transmission Electron Microscopy Using 
Polycarbonate Membrane Filters." WERL SOP 87-1, March 5, 1987. 

9. NIOSH. Method 7402 for Asbestos Fibers, December 11, 1986 Draft. 

10. Yamate, G., S.C. Agarwall, R.D. Gibbons, ITT Research Institute, "Methodology for the 
Measurement of Airborne Asbestos by Electron Microscopy." Draft report, USEPA Contract 68-02~ 
3266, July 1984. 

1 J. Guidance to the Preparation of Quality Assurance Project Plans. USEPA. Office of Pollution 
Prevention and Taxies, 1984. 

lV. Mandatory Interpretation of Transmission Electron Microscopy Results to Determine Completion of Response 
Actions 

A. Introduction 

A response action is determined to be completed by TEM when the abatemem area has been cleaned 
and the airborne asbestos concentration inside the abatement area is no higher than concentrations at 
locations outside the abatement area. "Outside" means outside the abatement area, but not necessarily 
outside the building. EPA reasons that an asbestos removal contractor cannot be expected to clean an 
abatement area to an airborne asbestos concentration that is lower than the concentration of air 
entering the abatement area from outdoors or from other parts of the building. After the abatement 
area has passed a thorough visual inspection, and before the outer containment barrier is removed, a 
minimum of five air samples inside the abatement area and a minimum of f1ve air samples outside the 
abatement area must be collected. Hence, the response action is determined to be completed when the 
average airborne asbestos concentration measured inside the abatement area is not statistically 
different from the average airborne asbestos concentration measured outside the abatement area. 

The inside and outside concentrations are compared by the Z-test, a statistical test that takes into 
account the variability in the measurement process. A minimum of five samples inside the abatement 
area and five samples outside the abatement area are required to control the false negative error rate, 
i.e., the probability of declaring the removal complete when, in fact, the air concentration inside the 
abatement area is significantly higher than outside the abatement area. Additional quality control is 
provided by requiring three blanks (filters through which no air has been drawn) to be analyzed to 
check for unusually high filter contamination that would diston the test results. 

When volumes greater than or equal to 1,199 L for a 25 nun filter and 2,799 L for a 37 mm filter have 
been collected and the average number of asbestos structures on samples inside the 
abatement area is no greater than 70 s!mm 2 of filter, the response action may be considered 
complete without comparing the inside samples to the outside samples. EPA is permitting this initial 
screening test to save analysis costs in situations where the airborne asbestos concentration is 
sufficiently low so that it cannot be distinguished from the filter contamination/background level 
(fibers deposited on the filter that are unrelated to the air being sampled). The screening test cannot 
be used when volumes of less than 1,199 L for 25 mm filter or 2,799 L for a 37 nun filter are 
rfl\lprtPrl h...r::aii~P thp ::ahilitv tt'l rli<:tinoni<:h IPvP.k donifir::antlv rliffprPnt frnrn fihf'r h::arlco-rn~mr1 l~ 
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reduced at low volumes. 

The initial screening test is expressed in structures per square millimeter of filter because filter 
background levels come from sources other than the air being sampled and cannot be meaningfully 
expressed as a concentration per cubic centimeter of air. The value of 70 s/mm 2 is based on the 
experience of the panel of microscopists who consider one structure in 10 grid openings (each grid 
opening with an area of 0.0057 mm 2) to be comparable with comaminationlbackground levels of 
blank filters. The decision is based, in part~ on Poisson statistics which indicate that four structures· 
must be counted on a filter before the fiber count is statistically distinguishable from the count for 
one structure. As more infonnation on the perfonnance of the method is collected, this criterion may 
be modified. Since different combinations of the number and size of grid openings are pennitted 
under the TEM protocol, the criterion is expressed in structures per square millimeter of filter to be 
consistent across all combinations. Four strucmres per 10 grid openings corresponds to approximately 
70 s/mm 2. B. Sample Collection and Analysis 

1. A minimum of 13 samples is required: five samples collected irlside the abatement area, five 
samples collected outside the abatement area, two field blanks, and one sealed blank. 

2. Sampling and TE.\1 analysis must be done according to either the mandatory or non mandatory 
protocols in Appendix A. At least 0.057 mm 2 of filler must be examined on blank filters. C. 
JnteJ1>retation of Results 

1. The response action shall be considered complete if either: 

a. Each sample collected inside the abatement area consists of a.t least I, 199 L of air for a 25 mm 
filter, or 2,799 L of air for a 37 nun filter, and the arithmetic mean of their asbestos structure 
concentrations per square millimeter of filter is less than or equal to 70 s/mm 2; or 

b. The three blank samples have an arithmetic mean of the asbestos structure concentration on the 
blank filters that is less than or equal to 70 s/mm 2 and the average airborne asbestos 
concentration measured inside the abatement area is not statistically higher than the average airborne 
asbestos concentration measured outside the abatement aren as deteOnined by the z.test. The Z-rest is 
canied out by calculating 

where YI is the average of the natural logarithms of the inside samples and YO is the average of the 
natural logarithms of the outside samples, nJ is the number of inside samples and nO is the number of 
outside samples. The response action is considered complete if Z is less than or equal to 1.65. 

:'llote: When no fibers are counted, the calculated detection limit for that analysis is insened for the 
concentration. 

2. If the abatement site does not satisfy either (I) or (2) of this Section C. the site must be recleaned 
and a new set of samples collected. D. Sequence for Analyzing Samples 

lt is possible to determine completion of the response action without analyzing all samples. Also, at 
""" ..,,..;,.., ;,.. tl-.,. ..,,......... ...... '> ,.(,.,...; .. ;,.. ........ ,.,., h., ..... .,,.(., tr> ,..,,..,.....;..,.,, .. tl-. .. .,,...,,., .. ;., .-.f ov><"tinn .. .,....,..,, .... 
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reclean the abatement site, and collect a new set of samples. The following sequence- is outlined to 
mjnimjze the number of analyses needed to reach a decision. 

I. Analyze the inside samples. 

2. II at least 1,199 L of air for a 25 mm filter or 2, 799 L of air for a 37 mm filter is collected for each 
inside sample and the arithmetic mean concentration of structures per square millimeter-of filter is 
Jess than or equal to 70 s/mm 2. the response action is complete and no funher analysis is needed. 

3. If less than 1.199 L of air for a 25 nuu filter or 2,799 L of air for a 37 mm filter is collected for any 
of the inside samples, or the arithmetic mean concentration of structures per square 
millimeter of filter is greater than 70 s/mm 2, analyze the three blanks. 

4. If the arithmetic mean concentration of structures per square millimeter on the blank .filters is 
greater than 70 slnun 2, tenninate the analysis, identify and correct the source of blank 
contamination, and collect a new set of samples. 

5. lf the arithmetic mean concentration of structures per square millimeter on the blank filters is Jess 
than or equal to 70 s/mrn 2, analyze the outside samples and perfonn the Z-tesr. 

6. If the z~statistic is less lhan or equal !O 1.65, !he response acrion is comple!e. If the Z-srarisric is 
greater than 1.65, reclean the abatement site and collect a new set of samples. 

[52 FR 41857, Oct. 30, 1987] 

.~~ 
·~ 
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Air Sampling 

EPA Guidelines SOP 2008 -General Air Sampling 
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Appendix C 

I 
Asbestos (bulk) by PLM 
(NIOSH Method 9002, Issue 2) 
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ASBESTOS (bulk) by PLM 9002 

various MW: various CAS: 1332-21-4 RTECS: C16475000 

METHOD: 9002, Issue 2 !;VAlUATION: PARTIAl las1.11111: 15-r..y 1989 
luue 2: 15 August19t4, 

EPA SW!cbnl (Bulk): 1% PROPERTieS: sdid, fibr<JUS, crystalline, anisotropic 

SYNONYMS (CAS IJ): ldnOiite (77536-66-4], 01 ~emJaC:W!olite{15669-07-5]; amDS~e(12172· 73-5]; anthophyllite (77_536-67~: 
chrysotJie (12001.:29-5}; tarp~nllne {18786.24-8]: crocic!olite (12001~28-4]; tremolite {77536-68-6];-amphibde. 

BULK SAMPLE: 

SHIPMENT: 

SAMPLE 
STABILITY: 

BLANK$; 

SAMPL.ING 

1to 10 grams 

aut seciJI'IIy !0 pt8'N'It escape of ....... 
stable 

none~ 

TECHNIQUE: 

ANALYTE: 

EQUIPMENT: 

----------------1 RANGE: 

ACCURACY ESTIMATEDLOD: 

-RAN--GE-ST_U_O-IE_O_: --<-1%-to-,OO-%-a-.... -,w------1 PR~CISION: 

BIAS: 

PRECISION: 

ACCURACY: 

not delennina1 

nol detemWied 

MEASUREMENT 

MICROSCOPY, STEREO AND 
POLARIZED LIGHT, WITH 
DISPERSION STAINING 

aetinollle abesl015, amasite, 
Sllthophyllite Mbe5tot, ehrysOIUe, 
croelddite, tremolile asbes101 

micrtJScQPe, polariZ8d light: 100-<IOOX 
dispersion staining objec:tiw, ~~~ 
miclOSCOO« 1D-46X 

1% to 100% asbestos 

ct"JJ. asbestos (1] 

001 deiermined 

APPUCASIUTY: :l1il melhod i:s useful ~arttlequalita~w lden~llt:ation of asbestos and :he ""'~quanUtatiYe detenninati:m of 
asbestos content of bUll: samples. The method mMSure:s percent asbestos as~ by the analyst in CQ"Il?ari:son to standll"d 
area projections, photos, and dr~ngs. a :rained~- The meihod Is not applicablt to samples_containing lafge amounts of 
line fibers below 1t1e NSolullon ol :he light miaoscope 

INTERFERENCES: Othet"!lbeo$ with optical properties similar to the asbesto:!l minerals may giwl posiiMIIntllffllnlfiCBS. Oplical 
propen1e$ of asbestos maybe obsGuted by coaUng on :he fitMn. Filers liner :han 1111!1 r•oiWlg poww ollhe mia"oscope (ca. 0.3 j.~m) 
Will not be detected. Heat and acid tn:latment trWf alt« ltle ;w,81l d /'8fra;lla1 ol asbestos snd dlaroge b color. 

OTHER METHODS: This methfxl (origindy designated u mllthod 7403) ~designed lor use v.M NIOSH Mtlthocls 7~ {phase 
GM~t microseopy) arw:l7402 (etectrm microscopy/EOS). The melhoCl is sin~ar!O the EPA tMk asbestos methotl(1). 
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REAGENTS: 

1. Refractive index (RI) liquids for Dispersion 
Staining: high-dispersion (HD) series, 1.550, 
1.605, 1.620. 

2. Ftefracti\le index liquids: 1.670, 1.680, and 
1.700. 

3. Asbestos reference samples such as SRM 
#1866. available from the National Institute of 
Slandards and Technology. • 

4. Distilled Water /optional). 
5. Concentrated HCI: ACS reagent grade. 

• See SPECIAL PRECAUTIONS 

EQUIPMENT: 

1. Sample containers: screw-top plastic vials ct 
10- to 50-ml capacity. 

2. Microscope, polarized light, with polarizer, 
analyzer, port for retardation plate, 360[ 
graduated rotating stage, substage condenser 
with iris, lamp, lamp iris, and: 
a. Objective lenses: 10X, 20X, and 40X or 

near equivalent. 
b. Ocular Jense: 10X minimum. 
c. Eyepiece reticle; cross hair. 
d. Dispersion staining objective lens or 

equivalent. 
e. Compensator plate: ca. 550 nm± 20 nm, 

retardation: "first order red" 
compensator. 

3. Microscope slides: 75 mm x 25 mm. 
4. Cover slips. 
5. Ventilated hood or negative-pressure glove 

box. 
6. Mortar and pestle: agate or porcelain. 
7. Stereomicroscope, ca. 10 to 45X. 
B. Light source: incandescent or fluorescent. 
9. Tweezers. dissecting needles, spatulas, 

probes, and sCalpels. 
10. Glassine paper or clean glass plate. 
11. LO'N·speed hand drill with coarse burr bit 

{optional). 

SPECIAL PRECAl!TIONS: Asbestos. a human carcinogen, should be handled only in an exhaust hood 
(equipped with a HEPA filter) (2]. Precautions should be taken when collecting unknown samples, which 
may be asbestos, to preclude exposure to the person collecting the sample and minimize the disruption 
to the parent material (3]. Disposal of asbestos·conlaining materials should follow EPA Guidelines [4J. 

SAMPLING: 

1. Place 1 to 10 g of the material to be analyzed in a sample container. 
NOTE: For large samples {i.e., whole ceiling tiles) that are fairly homogenous, a representative 

small portion should be submitted for analy.sis. Sample size should be adjusted to ensure 
that it is representative of the parent material. 

2. Make sure that sample containers are taped so they will not open in transit. 
3. Ship the samples in a rigid container with sufficient packing material to prevent damage or sample 

loss. 

SAMPLE PREPARATION: 

4. Visually examine samples tn the container and with a Jow.magnification stereomicroscope in a 
hood. (If necessary, a sample may be carefully removed from the container and placed on glassine 
transfer paper or clean glass plate fot examination). Break off a portion of the sample and examine 
the edges fot emergent fibers. Note· the homogeneity of the sample. Some hard tiles can be 
broken, and the edges examined for emergent fibers. lf fibers are found. make an estimate of the 
amount and type of fibers present. confirm fiber type {step 14) and quantify (step 15). 

5. Jn a hood, open sample container and with tweezers remove small, representative portions of 
the sample. 
1. If there are obvious separable layers, sample and analyze each layer separately. 

NJOSH Manual~ Anal)'llcal MB!hods INMAM). Foomh Ed~iol!. 8115194 
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b. If the sample appears to be slightly inhomogeneous. mix it in the sample container with 
tweezers or a spatula before taking the portion of analysis. Alternatively, take small 
representative portions of each type of material and place on a glass slide. 

c. On hard tiles that may have thin, inseparable layers, use a scalpel to cut through alllhe layers 
for a representative sample. Then cut it into smaller pieces afler placing Rlliquid on it before 
trying to reduce the thickness. Alternatively, use a low-speed hand drill equipped with a burr bit 
to remove material from hard tiles. Avoid excessive healing of the sample which may alter the 
optical properties of the mate!'ial. 
NOTE: This type of sample often requires ashing or other specialized preparation, and may 

require transmission electron microscopy for detection of the short asbestos fibers 
which are characteristic of fiOOf tiles. 

d. It the sample has large, hard particles. grind it in a mortar. Do not grind so fine that fiber 
characteristics are destroyed. 

e. If necessary, treat a portion of the sample in a hood with an appropriate solvent to remove 
binders. tars. and other interfering materials which may be present in the sample. Make 
corrections for the non·asbestos material removed by this process. 
NOTE: Other methods of sample preparation such as acid washing and sodium 

melaphosphate treatment and ashing may be necessary, especially to detect low 
concentrations of asbestos. If needed, use as described in Reference 11]. 

6. After placing a few drops of Rl liquid on the slide, put a small portion ol sample in the liquid. 
Tease apart with a needle or smash small clumps with the flat end of a spatula or probe, producing 
a uniform thickness or particles so that better estimates of projected area percentages can be 
made. Mix the fibers and particles on the slide so that they are as homogeneous as possible. 
NOTE: An e\len dispersion of sample should cover the entire area under the cover slip. some 

practice will be necessary to judge the right amount of material to place on the slide. Too 
lillie sample may not give sufficient information and too much sample caMOt be easily 
analyzed. 

CALIBRATION AND QUAUTY CONTROL: 

7. Check for contamination each day ot operatioo. Wipe microscope slides and cover slips with lens 
paper before using. Check refractive index liquids. Record results in a separate logbook. 

8. Verify the refracti'ole indices of the refractive index liquids used once per week of operation. Record 
these checks in a separate logbook. 

9. Follow the manufacturer's instructions for illumination, condenser alignment and other microscope 
adjustments. Perlorm these adjustments prior to each sample set. 

10. Determine percent d each identified asbestos species by comparison to standard projections 
(Figure 1) (1]. If no fibers are detected in a homogeneous sample, examine at least two additional 
preparations before concluding that no asbestos is present. 

11. Jf It appears that the preparation technique might not be able· to produce a homogeneous or 
representative sample on the slide, prepare a duplicate slide and 8\'erage the results. Occasionally, 
when the duplicate results \lary greaUy, it wilt be necessary to prepare additional replicate slides and 
average ell the replicate results. Prepare duplicate slides of at least 10% of the samples analyzed. 
Average the results for reporting. 

12. Analyze about 5% blind samples of known asbestos content. 
13. Laboratories performing this analytical method shoold participate in the National Voluntary 

Laboratory Accreditation Program (5] or a similar interlaboratory quality control program. Each 
analyst should have complete formal training in polarized light microscopy and its application to 
crystalline materials. In lieu of formal training, laboratory training in asbestos bulk analysis under 
the direction of a trained asbestos bulk analyst may be substituted. Owing to the subjecli\le nature 
of the method, frequent practice is essential in order to remain proficient in estimating projected 
area percentages. 

QUALITATIVE ASSESSMENT: 

14. Scan the slide to identify any asbestos minerals using the optical properties of morphology, 
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refractive indices. coJor, pleochroism, birefringence, extinction characteristics, sign of elongation, 
and dispersion staining characteristics. 
NOTE: Identification of asbestos using polarized light microscopy is unlike most other analytical 

methods. The quality of the results is dependent on the skill and judgment of the analyst 
This method does not lend itself easily to a step-wise approach. Various procedures 
devised by different analysts may yield equivalent results. The following step-wise 
procedure repeatedly utilizes the sample preparation procedure previously oullined. 

a. Prepare a slide using 1.550 HD Rlliquid. Adjust the polarizing filler such that the polars Sre 
partially crossed, with ca. 15L offset. Scan the preparation, examining the morphology for the 
presence of fibers. If no fibers are found, scan the additional preparations. If no fibers are 
found in any of the preparations, report that the sample does not contain asbestos, and stop the 
analysis at this point. 

b. If fibers are found, adjust the polarizing filter such that the polars are fully crossed. If all of the 
fibers are isotropic (disappear at all angles of rotation) then those fibers are not asbestos. 
Fibrous glass and mineral wool, which are common components of suspect samples, are 
isotropic. If only isotropic fibers are found in the additional preparations, report no asbestos 
fibers detected, and stop the analysis. 

c. If anisotropic fibers are found, rotate the stage to detennine the angle of extinction. Except for 
tremolite-actinolite asbestos which has oblique extinction at10-200. the other forms of asbestos 
exhibit parallel extinction (Table 1). Tremolite may show both parallel and oblique extinction. 

d. Insert the first order red compensator plate in the microscope and determine the sign of 
elongation. All forms of asbestos have a positive sign of elongation except for crocidolite. If 
the sign of elongation observed is negative, go to step ~g.~ 
NOTE: To determine the direction of the sign of elongation on a particular microscope 

configuratioo, examine a known chrysolite sample and Mte the direction (NE-SW or 
NW-SE) of the blue coloration. Chrysolite has a positive sign of elongation. 

e. Remove the first·order red compensator and uncross lhe polarizer. Examine under plane 
polarized light for blue and gold-brown Becke colors at the fiber--oil interface (i.e., index of 
refraction match). Becke colors are not always evident. Examine fiber morphology for twisted. 
waif'/ bundles of fibers which are characteristic of chrysotile. Twisted, ribbon-like morphology 
with cellular internal features may indicate cellulose fibers. 1t may be necessary to cross the 
polars partially in Older to see lhe fibers if the index of refrac!ion is an exact match at 1.550. If 
the fibers appear to have higher index of refraction, go to step "h: otherwise continue. 

f. Identification of chtySolile. Insert the dispersion staining objective. Observation of dispersion 
staining colors of blue and blue-magenta confirms chrysolile. Cellulose, which is a common 
interlering fiber at the 1.550 index of refraction. will not exhibit these dispersion staining colors. 
If chrysotile is found, go to step 15 for quantitative estimation. 

g. Identification of crocidolite. Prepare a slide in 1.700 Rl liquid. Examine under plane-polarized 
light (uncrossed poJars); check for morphology of crocidolite. Fibers will be straight, with rigid 
appearance, and may appear blue or purple-blue. Crocidolite is pleochroic, i.e., it will appear to 
change its color (blue or graY) as it is rotated through plane polarized light Insert the dispersion 
staining objective. The central stop dispersion staining color are red magenta and blue 
magenta, however, these colors are sometimes difficult to impossible to see because of the 
opacity of the dark blue fibers. If observations above indicate crocidotite, go to step 15 for 
quantitative estimation. 

h. Identification of amosile. Prepare a slide in 1.680 Rl liquid. Observed the fiber morphology for 
amosite characteristics: straight fibers and fiber bundles with broom-like 01" splayed ends. If the 
morphology matches amosite, examine the fibers using the dispersion staining objective. Blue 
and pate blue colors indicate the cummingtonite form of amosite, and gold and blue colors 
indicate the grunerite form ot ;:mosite. If amosite is confirmed by this test, go to step 15 for 
quantitative estimation, otherwise continue. 

i. Identification of anthophyllite-tremolite-actiMiite. Prepare a slide in 1.605 HD Rl liquid. 
Examine morphology for comparison to anthophyllite-lremolite-actinolite asbestos. The 
refractive indices for these forms of asbestos vary naturally within the species. Anthophyllite 
can be distinguished from actinolite and tremofite by its nearly parallel extinction. Actinolite has 
a light to dark green color under plane-polarized light and exhibits some pleochroism. For all 
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three, fibers will be straight, single fibers possibly with some larger composite fibers. Cleavage 
fragments may also be present. Examine using the central stop dispersion staining _objective. 
Anthophyllite will exhibit central stop colors of blue and gold/gold-magenta; tremolite will exhibit 
pale blue and yellow; and actinolite wil! exhibit magenta and golden-yellow colors. · 
NOTE: In this refractive index range, wollastonite is a common interfering minerl;lll With similar 

morphology including the presence of cleavage fragments. It has both positive and 
negative sign of elongation. parallel extinction, and central stop dispersion staining 
colors of pale yellow and pate yellow to magenta. If further confirmalion of . 
wollastonite versus anthophyllite is needed, go to step j". If any of the above forms of 
asbestos were confirmed above, go to step 15 for quantitative estimation·. If none of 
the tests above confirmed asbestos fibers. examine the additional preparations and if 
the same result occurs, report the absence of asbestos in this sample. 

Wash a small portion of the sample in a drop of concentrated hydrochloric acid on a slide. 
Place the slide, with cover slip in place, orl a warm hot plate until dry. By capillary actiorl, place 
1.620 Rlliquid under the cover clip and·examine the slide. Wollastonite fibers will have a 
"cross-hatched~ appearance across the length of the fibers and will not show centra! S~op 
cispersion colors. Anthoph~lite and tremolite will still show their original dispersion colors. 
NOTE: There are alternative analysis procedures to the step-wiSe approach ouUined above 

which will ~eld equivalent results. Some of these alternatives are: 
i. Perfonn the initial scan for the presence a asbestos using crossed polars as well 

as the first-order red compensator. This allows for simultaneous viewing of 
birefringent and amorphous materials as wen as determine their sign of. elongation. 
Some fibers which are covered with mortar may best be observed using this. 
configuration. 

H. Some analysts prefer to mount their first preparation in a Rl liquid different than 
any asbestos materials and conduct their initial examination under plane-polariZed 
light. 

iii. If alternative Rlliquids are used from those specified, dispersion staining colors 
observed will also change. Refer to an appropriate reference for the specific 
colors associated with asbestos in the Rt liquids actually used. 

QUANTITATIVE ASSESSMENT: 

15. Estimate the cootent of the asbestos type present in the sample using the 1.550 Rl preparation. 
Express the estimate as an area percent of all material present, taking into account the loading and 
distribution of all sample material on the slide. Use Figure 1 as an aid in arriving at your estimate. 
If additional unidentified fibers are present in the sample, continue with the qualitative measurement 
(step 14). 
NOTE: Point-counting techniQues to determine percentages of the asbestos minerals are nat 

generally recommended. The point-counting method only produces accurate quantitative 
data when the material on the slide is hoologeneoos CK1d has a uniform thickness, which is 
difficult to obtain [6J. The point-counting technique is, recommended by the EPA to 
determine the amount of asbestos in bulk [1]; however, in the more recent Asbestos Hazard 
Emergency Response Act (AHERA) regulations, asbestos quantification may be performed 
by a point-counting or equivalent estimation 
method (7]. 

16. Make a quantitative estimate of the asbestos content of the sample from the appropriate 
combination of the estimates from both the gross and microscopic examinations. If asbestos fibers 
are identified, report the material as "asbestos-containing". Asbestos content should be reported as 
a range of percent content. The range reported should be indicative d the analyst's precisian in 
estimating asbestos content. For greater quantities use Figure 1 in arriving at your estimate. 

EVALUATION OF METHOD: 

The method is compiled from standard techniques used in mineralogy (8-13], and from standard 
laboratory procedures for bulk asbestos anal}'5is which have been utilized far several years. These 
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techniques have been successfully applied to the analysis of EPA Bulk Sample Analysis Quality 
Assurance Program samples since 1962(1,5]. However, no formal evaluation of this methOd, as written, 
has been pert ormed. 

REFERENCES: 

(1] Perkins, R.l. and B.W. Harvey, U.S. Environmental Protection Agency. Test Method for the 
Determination of Asbestos in Bulk Building Materials. EPA/600/R-931116 (June. 1993). 

(2J Criteria for a Recommended Standard ... Occupational Exposure to Asbestos (Revised), U.S. 
Department of Health, Education, and Welfare, Publ. {NIOSH) 77·169 (1976), AS AMENDED IN 
NIOSH Statement al OSHA Public Hearing, (June 21, 1984). 

(3] JankO'Iic, J.T. Asbestos Bulk Sampling Procedure, Amer.tnd. t:Ml· Assoc.~ .• 8·8 to B-10, 
(February, 1985). 

(4] U.S. Enviroomental Protection Agency, "Asbestos Waste Management Guidance" EPN530·SW·85-
007, (May. 1985). 

(5) National Voluntary Laboratory Accreditation Program, National Institute of Standards and 
Technology, Bldg 101, RoomA·B07 GaithersbUrg, MD. 20899. 

(6] Jankovic, J.T., J.L. Clere, W. Sanderson, and L Piscitelli. Estimating Quantities of Asbeslos in 
Building Materials. National Asbestos Coo neil Journal, (Fall, 1988). 

(7) Title 40, Code of Federal Regulations. Part 763. Appel"ldix A to Subpart F. Interim Method of the 
Oetemiination of Asbestos in Bulk Insulation So;n"~ples, (April15, 1988). 

(8] Bloss, F. Donald, Introduction to the Methods of Optical Crystallography. Holt. Rinehart, & Winston, 
(1961). 

(9] Kerr, Paul F., Ootical Mineralogy, 4th Ed., New York, McGraw~HiU, (1977). 
[10) Shelley, David, Optical Minerai!XIy. 2nd !:d., New York, Elsevier, (1985). 
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(12] McCrone, Walter, The Asbestos Particle Atlas, Ann Arbor Science. Michigan, {1980) 
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Figure 1. Percent estimate comparator 
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I 
Tabl111. 0 ical Propertlll$ at Asbestos Fibers 

. I 
Rs!r.~oetlve Index 

fA croximale Values) 

' ( <o ... 
Minetal Mor holoav W~d Color e!oliQation Eb alion Birefrin e..ce I 
Chly.iOiile WIIV'f fibers with kinks_ ,., 1.55 0.002. 0.014 

Splayed lllflds on lai'!ier 
bundle:$. Colorless ;o li;ht 
tii'OM'I upon being heated. I 
Nonpteoehroie. Aspect 
r.ltio M'ie;;;,;-~10:1. 

Currvningtonlte- SUaight !ibars and fiber 1.67 1.70 0.02 -'0.03 
Grunerite bundles. Bundle eods I 
(Amame) appeal' bnXIIJ\.~ke Of 

splayed. Colofless :o 
bn7MI upon heating. W.av 
be weakly pleochroic. 
Aspect ratio MJicallv > 10:1. 

I 
Crocidollte SUaight !ibers and llber 1.71 1.70 0.014. 0.016 
(Riebeck~e) bundles. Long« fibers lnterf~ee cdots 

sl'low cuNature. Splarecl may De masked by 
ends on bundles. blue COlor. 

I 
ChanictllfiStio; blue eolor. 
Pleoctu"oic. Aspect ratio 
:ypjcally >10:1. ' 

Anthophyllite S:raight fibers ~d 'lber 1.61 1.63 0.019. 0.024 
I 

bundles. Cleavage 
fragments may be presan:. 
Colofless to light~-
Nonpleoctuoic to weakly I 
pleoc~~ Aspect ratio 
(tet'ler<!il <10:1. 

Tremolit• S:raighl and curved fibers. 1.60. 1.62 1.62. 1.64 0.02 · O.oJ 
Ac:inol;e Cleavage fra!jments (:rwnoite) (\remoile) I 

coYVoon. \.alge fiber 
bundles show splayed 
ends. Tr'ar>lO'i!e is 1.6Z • 1.67 1.64. 1.88 
cd011ess. Ao::~nalite is (actinolite) (ac:A'lolilll) 
greer~ and -'<tf 10 I 
rmderately piiOChroio::. 
Aspect ralio ,_.a~y 
<10:1. I 

I 
I 
I 
I 
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Table 1- Optical PIQ0811i.s a( Asbestos Fibers (Con~inued} 

Cenrral St Dispersion StairlinQ.ColoB 

Sign of .i" Ito 
Mineral E:dinclion Elcr. a:ion Rl LiCluid Vibration VIbration 

Chrysolite Parallel to fiber +(length slaw) 1.550 ..;> ••• -""""'~ ,.,., 
Cummitlglonil&- Perallelto fiber .. (lan9th sliM) 1.670 Red rnaser~ta to v"~ 
Grunerite teng:h ·~ (Amosite) Fibers subjec~ed 

to high 
temperatur• will 
not dispetSion-
s;ain. 

Cull'lfTiingtonile 1.680 pate blue blue 
Gtunerite 1.680 ·~ ... 
Cnxidollte Para!l!ll to libel' • (length fast) 1.700 Red magenta Bit» magenta 
(RiebecUe) 1M'"' 

1.680 ,.,. .. 
ArlltlophyUite · Par.~llel to "'ller +(length slow) 1.605 '0 ••• Gold to goiO. ..... 

-~ 
1.620 .... Bkl 1-Qrwt~ GoldWJ· ·~ 

Tremolit• Obli(IUII • 10 to • (lungth slow) 1.605!00 Pale blue YeiiON 

"'""" .. 2aJ for !ragmants. 
Some COII'IJIO$ile 

{IAlmdite) (tremolite) 

fibenshowl ' 
'""'""'- Yellow teL 

.... _ 
acffnollte I (actln~i;j· . 

HD: high-d~~ion Rllk;uid serias, 
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ASBESTOS SAMPLING 
SOP#: 2015 

DATE: 11!17/94 
REV.#: 0.0 

1.0 SCOPE A~D APPLICATION 

Asbestos has been used in many commercial products 
induding building materials such as nuoring Iiies and 
sheet goods, paints ar:d o:oatings, insulation, and 
rooting asphahs. These products and others may be 
found at hazardous waste sites hanging on overhead 
pipes, contained in drums. abandoned in piles, or as 
p;~rt of a stru.,;ture. Asbestos t.:tiling piles from mining 
openuions can also be a soun.::e of ambient asbestos 
libers. Asbestos is a known cardnogen and requires 
air sampling to assess airborn.:: exposure to human 
health. This S1andard Opemting Procedure tSOP) 
provides procedures !Or asbestos air sampling by 
drawing a known \·olume of air throu!:h a mixed 
cellulo~ ester ( MCE) filler. The filler is !hen 5tnt 10 
ll laborntory for analysis. The l:.S. Environmental 
Proto:ction AgenC)'•'Environmc:ntal Response Team 
tiJ.S. EPAtERT) uses one of tOur analytical methods 
lOr de!ermining·asbestos in air. These include; U.S. 
EPA's Environmental Asbestos Assessment Manual. 
Superfund Mc:thod for 1he Determination of A~bestos 
in Ambient .. ~ir forTransmission'EleC!ron Microscopy 
{TEM)"l; U.S. EPA's ~lodified Yamate :\.fethod fur 
TEM':~ Nationallnsti!Ute for Occupational Safetv anti 
Health fNIOSH) Me1hod 7402 tdirecl method ~nly) 
tOr TB1, and :-JIOSH Method 7400 for Phase 
Contrast Microscopy (PC\1_l''f Each method has 
spec iii~; ~antpling and analytical requireritents (i.e., 
sample volume and tlow rate) for determining 
asbestos in air. 
The U.S. EPA/ERT 1ypically follows procedures 
outlined in !he TEI\·1 mc1hods for determining 
mineralogical types of asbestos in air and for 
distin¥uishing asbestos from non-asbestos minerals. 
The Phase Contrast Minoswpy {PCM) method is 
used by l:.S. EPA/ERT as a screening tool since it is 
less .:ostly than TEM. PCM cannot distinguish 
i!Sbt:stos l"rom non-asbestos fibers. therefor.: the TEM 
method may be necessary to ~;onliml analytical 
results. For e:umple, if an action level for the 
presence of fibers has been s.c1 and PCM anal'o'sis 
indkates that the action levd l1as been exceeded. !hen 

TEM analysis ~;an b~ used 10 quantify and identify 
asbestos ;;tructures through e.\atnination of !heir 
morphology crystal structures (through elecuon 
dill"raction), and elemental conlposition (through 
energy disper.;ive X-ray analysis). In !his instance 
Mrnples should be collected for b<Jth analyses in side 
by side Sllmpling tr11ins (some l;~boratories are able to 
perfonn PC:vt and TEM analysis from the same fiherJ. 
Th;:: Superfund method is designed specifically to 
provide results suilable for supporting risk 
assessments ul Superfund sites. it is applicable to a 
wide range of ambient air situations at hazardous 
was1e sit1..--s. U.S. EPA's Modified Yamate Method for 
TEM is also uso::d lOr ambient air sampling due to high 
volume requirements. The PCM and TEM NIOSH 
ana~1ical methods ,require lower sample volumes and 
are typically used indoor.;: however. ERT will 
increase: the volume requiremenl for outdoor 
application.· 

O!her lkl!ulations pertainin11 to asbestos have been 
promulgated by L'.S. EPA and OSHA. U.S. EPA's 
~ation;1J Emission Stamlan.ls for 1-Jazardous Air 
Poliutants (:\ESHAP) regulates asbestos-.:onlaining 
waste m;~terials. !\ESHAP establishe~ management 
practices and standards lOr th\l handling of asbestos 
and emissions from wa~te disposal operations (40 

CFR Pan 61, Subpans A and Mt. L'.S. EPA's 40 CFR 
763 (J"IY I. 19871'•' and its addendum 40 CF"R 763 
{O<.:tober 30. 1987)·" prtn-ide comprehensive rules for 
the asbtsto5 abatement industry. Slate and local 
regulations on these issues vary and ma:y be more 
stringent than fedeml requirements. The OSHA 
regulations in 29 CFR 1?10.1001 and 29 CFR 

1926.58 specify work practices and sarety equipment 
su.::h as rep;pira!Ory proleclion and protecti"e clothing 
wlten handling asbestos. The OSHA s1andard for an 
8-hour, time-weighted average (TWA) is 0.2 
fiber.;ic:ubic centimeters of air. This slandard pertain~ 
to tibers with a kngth-to-width ratio of 3 10 I wilh a 
fiberlength >51lnl'1·•J. An action level ofO.l ftbc:ricc 
(·ono::·h<llf the OSHA standard) is the level U.S. EPA 
has established in which employers must iniliate such 
activities as air monitoring. c:mployee training. and 



medical ~tlrveillanced·•'. 

These are ~tandard (i.e .. typic;~lly appli~ah!:;) 

opemting procedures which may be varied or changed 
as required, dependent U?OO site .::onditions. 
equipment limitations or limitation.> imposed by the 
proceduri::. In all instances. the ultimate procedure~ 
employed should be documented and ;t~soc'iated with 
the final report. 

Mention of trade names or commercial protlucts does 
not constitute U.S. EPA endor$.:ment or 
recommend3tion for use. 

2.0 METHOD SU'oHIARY 

Prior to sampling, the si1e should be characterized by 
identifying on-site as well as off-site sources of 
airborne asbestos. The .array of sampling location; 
and the schedule tOr !;ample collection. is critical to 
the success of an investigation. Gener.~Jiy. sampling 
su:negic~ 10 characterize a ;;ingle point source are 
fairly straighttOrward, while multiple poiot sources 
and area sources increase the complexity or the 
sampling strategy. It is not within the scope of thi~ 
SOP to provide a generic a:;be:>los air sampling pl:m 
Expcrieno.:e. objectives, and site charact~:ristic~ will 
dictate the sampling str<Jtegy. 

During a site investigation, snmpling. statioos should 
be armnged to distinguish spatial tre-nds io airborne 
asbt~:os concentrations. Sampliog schedules should 
be fashioned 10 establish temporal trends. The 
sampling stnllegy typically requm~s that tho! 
concentration of asbestos a1 the source (worst c;tse) or 
;m:a of cvncem {dowowind), uosswiod, as w::ll itS 
back~round (upwiod)contributions be quantified. See 
Table I (Appendix A) lOr U.S. F.PA'ERT 
recou:mended sampling setup for ambient air. Indoor 
asbes1os sampling requires a different type or strategy 
which i~ identified in-Table 2 (Appendix:\_)_ It is 
important to establish background levels of 
rootamioanl5 in order to de~·elop a reference pomt 
from which to evaluate the source data. Field blanks 
and lot blaoks can be utilized 10 determine other 
sources. 

Much iniOnnation c.an be tlerivetl from each analytical 
method previously melllioned. Each analytical 
method has ;.pecific sampling requirements and 
produce results which may or may not be applicable 
to a specific sampling effort. Th.: sile :>ampling 
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obj<.";;tives shoultl b..: carefully identilied ~n as 1~1 select 
th'l'! 1:1ost <~pprupriatc anal}t•cal method. ,\dc!ition:tlly. 
some prcpnration (i.::., lot blanks re~ults) prior to site 
sampling mny be required. these requircmenr~ arc 
~pe.::iftcd in the aoalytical method~. 

3.0 SA~1PLE PRESERVA TIO'\ 
CONTAJ:-;ERS, IIANDLJ:-;G. 
AND STORAGE 

3.1 Sample Preservation 

:-Jo pres~r"ation is required for asi:lestOs samples. 

3.2 

'· 

3. 

4. 

4.0 

Sample Handling, Container and 
Storage Procedures 

Place a ~ample lahel on the Ci!Sseue 
indicatiog a unique sampling number. Do 
oot put sampling cassette:> 1n shin or coat 
pockets as the filter can pick up fibers The 
original ca~~ette ho.-.. i~ used to hold the 
samples. 

\Vr~p the casselle individual!)' in a plastiC 
sample bag. Each bag should be: ntHkc:U 
intlicating :>.1mplc identification oumber. total 
\'o]ume. and dute. 

The wrapped sampliog cas~eues should be 
placed upright in ;1 rigitl cootainer so th;n the 
casseth~ cap is on top and casseue ba.;;e is oo 
bottom. Use enough packing mmerial to 
prevent jostling or damage. Do not use 
~ermiculite a~ packing material for samples. 
II" possible. hand ~·arry to lab. 

Prov1tle appropriate documentation with 
samples (i.e .. chaio of cu~tody and requested 
analytical methotlology). 

INTERFERENCES 
POTENTIAL PROBLEMS 

AND 

Flow rates c:.uee11i11g ]6litersiminute (L!mio) which 
could r~:sult ioliltcrdeitruclion due 10 (aJ failure of its 
phys1cal support under force ll'om the increased 
pressure drop; (b) leakago: of air arouotl the filter 
moum so that the lilter 1s bypassed. or{~;) damage w 
1he i!sbe~tos sJructures due to incre~sed implKl 
velocities. 
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4.1 U.S. EPA's Superfund Method 

4.1.1 Direct·transfer TEM 
Preparation \ttethods 

Specimen 

Dlre,·t· Transfer TE:\1 spe.:im.:n preparation method;; 
haw the fOllowing signilicani inlerferen.:es: 

The achievable tktection limit is restricted 
bv the par1iculate density on the filter, wbidt 
ir; turn is controlled by the sampled air 
volume amlthe total suspended paniculate 
cot;ceotration in the atmosphere being 
sampled. 

The preci$ioJn of the result is dependent on 
the unifomtity o( the deposit of asbestos 
structu~s on the sample collection filter. 

Air samples must be colkcted ~o that they 
ha\'C p.1rticulate and libo:r lo,.dings within 
llarrow ranges. If too high a par1it:ulate 
loadillj.occul'$ on the Jitter, it is not possible 
l(l prC9are satisfactory TEM llpecinlens by a 
dire'"t•ktmster method. If too high a liber 
loadiilg occurs on the lilter. even if 
sati$filclory TEM specimens can be prepared, 
accurate fiber counting will not be possible. 

4. 1 .2 Indirect TEM Specimen Preparation 
Methods 

lndire.:t TEM ~pecimen preparation methods have the 
following interferences: 

• 

The size distribution of asbestos structures is 
modi lied. 

Tlrere is increased opportunity for Jiber loss 
or introduction of exnaneous contamination. 

When sample colle<::tion filters are ashed, any 
fiber contamination in the filter medium is 
con<::entrated on the TEM specimen srid. 

Jt can be argued that direct methods yidd an under· 
estimat<.' of the asbestos ~tructure concentration 
because mauy of the asbestos libers i)resent are 
corH.:ealed by other parricuhrle material with which 
thev are associatt:tl. Conversely, indirect methods can 
be ~onsidered to yidtl an ~ver-.::stimate b..-cause some 
types of co>mplex asbestos structures Jisintegrate 
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during the prepatittioo. resul:ing itfan increase in !he 
numbers of strucnu~s counted. · 

4.2 U.S. EPA's ;\"lodified Yamare 
Method for TEM 

High t·oncelllrntion~ of background dust interfere With 
fiber i<i.:ntification. 

4.3 NIOSH }let hod for TEll 

Other amphibole particles that hav<i aspect ratios 
greater than 3: I and elemental compo;;itions similar to 
the asbestos minel"31~ may interlere in the TEM 
analysis. Som~ non-amphibol.: minerals m~y give 
electron diffraction pal!ems similar 10 :tmpl":ibql~s. 
High cuncentr.1tioru; ofba.;:kgron.nd tlu~t interfere with 
fiber iUentilication. 

4.4 NJOSH :\lethod for PC)1 

PC'M cannot distinguish \ISbesto$ from non-asbesiO» 
fibers: therefore. all panicle~ meeting the oounting 
criteria are ~ounteU as total asbestos Jlbers.: Fiber less 
than 0.25 um in leng:h will not be detected by this 
method. High levels of non-fibr.JUS dust panicles may 
obscure fibers in the Jield of "iew and increase the 
detection limi:. 

5.0 EQUP)IE~T/MATERIALS 

5.1 Sampling Pump 

The constant now or critical orifice t.."'ntrolled 
s:tmpling pump shl•ulrl be capable of 11 tlow.rate and 
pumping time sufficier.t to achieve the de.>ired \'olume 
ul";oir ~nmplt:d. 

The [ower !low personal smnpling pumps generally 
provide '' !low note of 20 cubic ~·entimetersfminute 
(ccimin) to 4 L/min. These pumps are usually battery 
powered. High !low pumps arc utilized when flow 
rates between 2 L'min to 20 L!min are requiretl. High 
now pumps are u~ed for shon sampling period$ so a~ 
w obtain tho! desired sample Yt>lume. High flow 
pumps usually run on AC power itnd can be plugged 
into a nearhv outlet. If an out lei is not avaitahle then 
a generator ;hould bl! obtained. Th.: ~encrator should 
be positioned downwind from the samplin_g pump. 
.. ~ddiriou~l voltage may be required if more than one 
pump is plugged into the same generator. Severn/ 



de<:tri~al ~:.:tension <:ord~ m<ty be 1cquired if sampling 
lo<:ation~ ••r~ remote. 

The recommemleti I'Olumc: lOr the Superfund method 
(Phase 0 requires approximately 20 hour~ to col!ecL 
Su<:h pump$ typicltll~· draw 6 amps at full power so 
that 2 h:adhtctd batteries should provide sullidem 
power to collect a full sample. The use of line 
voltage. where available, eliminates the di(ficulties 
assodatetl with tr;Jn.>porting stored dectric;JJ energy. 

A stand should be ·Jsed to hold the fil:er ca5sette at the 
desired height IUr sampling ami the tilter ca~~eue shall 
be isolated from the vibrations of the pump. 

5.2 Filter Cassette 

The cass<:lttes are purchased wtth the required filters in 
position, or can be assembled in a lllminar !low hood 
or dean are;~. \\'hen tiJe !illers are in po.>ilion, a 
$hrink .:dlulose band or adhesive tape shou~d be 
applied lo <:asseue joillls to prevent air leakage. 

5.2.1 TEYf Cassette Requiremenls 

Comnen:ially available field monitors. comprising 
25 nun Uiameter three-piece cassettes. with 
con(luctive extension cowls ~hall be used for sample 
collel:lion. The ~·asseue most be ne"'· and not 
previously u..;ed.• The casselte shall be loaded with an 
MCE Iiiier of pore size 0.45 j.ltn, and supplied from a 
lot number whtch has been qualit"1ed as low 
backgrotmd for asbesto~ determination. The cowls 
should b~ constructed of electrically conducting 
material to minimize el~trostMic effects. The filter 
shall be backed by a S j.lffi pore size YICE tllter 
(Figu!e 1, Appendix B). 

5.2.2 PCM Cassette Requirements 

NIOSH :O.Ielhod 7400. PCM involves u:;ing a 0.8 to 
1.:! !till mixed cellulose ester membrane, 25 mm 
diameter. 50 mm conductive cowl on casseue (figure 
2. Appendix B). Some labs are able to perfomt PCM 
and TE\1 analysis on the same filter: howen:r. this 
should be discussed witlt the laboratory prior to 
sampling. 

5.3 Other Equipment 

lnen tubing with glass cyclone and hose barb 
Whirlbags (plastic bags) lOr cassette~ 
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Tools- ~mall St.:rew dri,·crs 
Container- to keep sampk.s upright 
Generator or electrical 011tkt (ma: not be 
required) 
E.~ tension cord:; tmay not b<' f<.'<JUtrtd) 
~lultipl<:l plug outkl 
Sampk labels 
Air data siJeets 
Chain ofCustod::• rn:onh 

6.0 REAGE:\TS 

Re~gents are not requir<'rl for the pre;.er1·ation of 
asbestos sampks. 

7.0 PROCEDURES 

7.1 Air Volumes and Flow Rates 

Sampling volumes are dctennined on the basis of how 
many fiber~ nee(j to be colle<.:ted for reliable 
measure1nems. TherefOr<':. one must e~tirllal<' how 
many airborne fiben; may be in the samp!mg \ocauon. 

Since the concentration of airborne ;1ero~ol 
contaminants will ha•·e :iome dl<'Ct un the sample, the 
J011owing is a suggested crikria to a~sist in sel<:lcting 
a now rate b<tsed on real-time at:ro~ol monitor (RA/1.·1 I 
readings in milligrams•cubic meter (lll!(m·'J, 

Concentration Flow Rate 
low RA~I1eaJings: <6.11 mg;m) 11-\5. L.'min 
;\h::diurn RA~-1 readings;>6.0 rng.'nh 7 .5 L.'min 

• f-hyh RA.M readtngs: >10. mg:"m' 2.:'- L'min 

In pr;ll:tice. pumps th;Jt a1e ;n·Jrlable for environment~ I 
~ampling at remote locatinn5 operate under a 
maximum load of appro.,inomely 12 L..'min. 

i.l.l U.S. EPA's Superfund Method 

The Superfund Method incorporates an indirect 
preparation proC<'dure to provtde tle~ibility 111 the 
amount of dcpo~it that be c~n be lolerated on the 
sample filter and to allow for the 5tle~;t1ve 

con.:enlration of asbestos prtor to analysi:;. To 
minimize contributiOnS to background contamtnnttoJtl 
from ;tshestos present in the plastic matrices of 
membr11ne litters while allowing for sullicient 
quantities o( asbe~tos to be collected, th1s method also 
requires the collection of a larger volume of <1ir per 
unit 11rea ofliher than ha_, u;•tlitionally been collect.xl 
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for asbestC>S analysis. Due 10 the need 111 collet! large 
volumes of air, highet :;ampling. th~w rate~ are 
~ommended in this method than ha\e geuer~lly been 
..-mployed lOr asbestos snmpling in the p:•st. As an 
:dtemative, samples may be col!ectcd O\'Cr longer time 
intervals. Howc~·er, this res•ricts the nc:•dbility 
required to allow samples Ill be colkrted whife 
uniform meteorological condi:ions prevail. 

The sampling rate and tho: period of samp:ing should 
be ~elected to yield as high a sampled \'olume as 
possible, which will minimize the influence of filter 
.:-ontamination. Where\·er possible. a volume of 15 
cubic meters (15,000 L) shall be s.tmpled for those 
samples intended for analysis only by the indirect 
TE.\1 preparation method {Phase J samplesi. For 
those samples to be prepared by both the indirect and 
the direct specimen p~paration mo:thods (Phase 2 
samples), the. volumes must be aJjust"'d so as to 
provide a suitably.lo:~ded liltcr for th~ direct TEM 
prepltration method. One option is to collect liltcrs at 
several loadings to bracket the ~stimated optimum 
loading ror a panicular site. Such tillers can be 
screened in the laboratory so thnt only those filt~rs 

closest to optima/loading are mtalyzed. It hns been 
!Ound that the volume cannot normally exceed 5 cubic 
meters (5000 L) in an urban or agricultural area. and 
10 cubic meters ( 10,000 Ll in a rural area ror S1u:tples 
collected on a 25 mm filter and prcpatL"<I by a direct· 
transfer technique. 

An upper limit to the range of acceptable Oow rntes 
tOr thb method is IS Lim in. At many locations, wind 
patterns exhibit strong diurnal \·ariations. Therefore, 
intennittent sampling (sampling ov~r a lixed time 
interval repeated over se1•eral days) may be necessary 
to accumuJa(e 20 hours of sampling lime over ..:ons1an1 
wind condilions. Other sampling ob;.:clives also may 
nectssita•c intermiuent sampling. The objective is 10 
design a sampling schedule so thai samples llfC 

collected under unifonn conditions lhroughoul the 
sampling imerval. This n1e1hod provides for such 
option:>. Air volumes co/kcted on Phase r samples 
are maximized (<16 L/min). r\ir volumes collecled 
on Phase 2 samples are limiled to provide optimum 
loading for filters to he prepared by a direct·transfer 
procedure. 

7.1.2 V.S. EPA's Modified Yamate 
Yiethod for TEM 

l.S. EPA's TEM method requires a minimum volume 
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orS60 land a maximum volume o( ),800 L i11 order 
to obt:~in <~n analylical sen~itivity of 0.005 
structures/ct. The optimal volume for TEM is 1200 
L 10 1800 L. These volumes are detennined using a 
200 mesh EM grid opening with a 25-mm tiller 
c<~sscne. Changes in volume would be necessary if~ 
37-mm filter usseue is used since the efl::..:tive are~ 
of a 25 mm (385 sq mm) <~nd 37 mm (855 ~q ml 
difter. 

7.1.3 1\IOSH Method ForTEM and PC\1 

The minimum recommended volume for TE\1 and 
PCM is 400 L at 0.1 fibericc. Sampling time is 
adjusced to obtain optimum liber loading on the lilter. 
A sampling rate of I to 4 limin for eiA!ht hours (700 
to 2800 LJ is appropriate in non--dusty atmospheres 
con1:1ining 0.1 liber/cc. Ously atmosphero:s i.e .• areas 
with high levels of asbestos, require smaller sample 
volumes ( <400 L} to obt~1in countable samples. 

In such cases. take short, consecutive samples and 
average the re~uhs over the total colkction time. For 
docomenling episOdic exposures, use high llow rates 
(7 to 16 Lfmin) .over shoner sampling limes. In 
relmively clean ntmosphere~ where 1argeted fiher 
concentrations are m;tch less chan 0.1 fiberfcc, use 
large-r sample volumes {3.000 to 10,000 LJ to nchie\'e 
quantifiable loadings. Take care. however, not to 
overload the liher with b~ck£round dust. If> :50%, of 
lhc Iiiier surface is covered with particles, th~ Iilier 
may be 100 overloaded to count and will bius th:: 
measured fiber concentration. Do not exce~d 0.5 m~ 
total dust loading on the lilter. 

7.2 Calibration Procedures 

In order to determine if a sampling pump is mc~suring 
1h~ flow rate or volume of air correctly. it is necessary 
to calibrate the instrument. Sampling pumps should 
be c3librated imtnediatcly before and ali~r each use. 
Prdiminary calibration should be conducted using a 
primary calibrator such as a soap bubble type 
calibr.l\or, (e.g., a Buck Calibrntor. Gilibrator. or 
equivalent primary calibrator) with a representative 
filler cusette installed between the pump and th~ 
calibrator. The representative sampling cassette can 
be reused for calibrating other pumps that will be used 
ror asbestos sampling. The same cassette lot used for 
sampling should also be used for the calibration. A 
sticker should be allhed to the outside of the 
extension cowl marked "Calibration Cassette.'' 



A rotam.:tcr can be used provided it has been recently 
precalibrated with a primary calibrator. Three 
. ~parnte constant llow calibration readings should be 
obtained both before sanlpling and aner s<~mpling. 
Should the llow rate c.hange by more than 5% during 
the sampling period, the average of the pre- ilnd post
calibmtion rates will be used to calculate the 1otal 
sample volume. The sampling pump used shall 
provide a non-lluctuating air-flow through the filter. 
and shall maintain the ini1ial volume !low-rate to 
within± 10% throughout lhe sampling period. The 
mean \'alue of these flow-rate measurements shall be 
·used to ~:alculale the total air volume sampled. A 
constanl flow or critical orifice controlled pump meeL~ 
these requiremellls. If at any lime the measurement 
indicates that the flow-rate has decreased by more 
than 30%. the sampling shall be tenninated. Flexible 
tubing is used 10 connecT tho: filtcr casseue ro the 
sampling pump.Sampling pumps can be calibrated 
prior to coming on-site so that time is s:wcd- when 
pt:rfonning on-site calibration. 

7.2.1 Calibrating a Personal Sampling 
Pump with an Electronic Calibrator 

L 

2 

J. 

4. 

5 

Sec Manufacturer's manual fur operational 
instructions. 

Set up the calibration train a~ shown in 
(figurc 3. Appendix B) using a sampling 
pump. electrooic calibrator, and a 
representative filter cassette. The same lot 
sampling cassette uscd for sampling should 
also be used for calibrating. 

To set up the calibration train. ilUach one- end 
of the PVC tubing tapprox. 2 foot) to the 
cassette base; attach tho: other end of the 
tubing to the inlet plug on the pump. 
Another piece of tubing is attached from the 
cassette ~:ap to tho: electronic c;tlibrator. 

Turn the electronic calibrator and sampling 
pump on CreJie a bubble at the bo!lom of 
the flow chamber by pre:>sin~ !he bubble 
initiate button. The bubble should rise to the 
top of the flow chamber. Aller the bubble 
runs its course, the Oow rate is ~hown on the 
LED display. 

Turn the !low adjust screw or knob on the 
pump until the desired now rate is attained. 
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l'crfomt the ~-alibration three times unulthe 
destred now rate of± 5% is attained . 

7.2.2 Calibrating n Rotameter with m1 
Electronic Calibrator 

See milnufacturcr's manual for opernti<!nal 
instructions. 

) Set up the calibration train as shown in 
(figure 4. :\ppendi.~ B) using a sampling 
pump, rowmcter. and electronk calibrator. 

3_ Assemble the base C'fihe now meter with the 
:.~rew provided and tightt:n in placc. The 
llow meter should be mounted. within 6~ 

\'~rucaL 

6. 

8. 

7.2.3 

I. 

Turn the electronic calibrator and ~ampling 
pump on. 

Create a hubble at the bollon1 of the !low 
chamber by pressing the bubble initiate 
bullon. The buhblt: should rise to the top of 
the !low chamber. Aller The bubble runs its 
~oursc, the flow rate is ~bown on the LED 
display. 

Turn the 1low adjust screw or knob on the 
pump until !he desired flow rate is ~named. 

Record the electronic t<Jlibrator !low rate 
r<:'ading and the correspondtng rota~nct<:'r 

reading. Indicate theie values. on the 
wtameter (sticker). The rotameter should be 
able to work within the desired flow range 
Re<1dings can also he calibrated for 10 em' 
in~rements for Low Flow rotameters. 500 
cm1 mcrements for medium flow rotamet~rs 
and I liter increments for high flow 
rotameters. 

Perform !he calibration three times until the 
desired /low r.:tte of± 5% i~ auained. One.: 
on site. a secondary t:alibr;~tor, i.e .. rotameter 
may be used to calibrate sampling pumps. 

Calibrating n Personal Sampling 
Pump with a Rolameter 

See manufacturer's manual for Rotameter's 
Operationallnstructtons. 
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2 

' ·'· 

4. 

5. 

S..:t up th~ calibration train as shown in 
iFigure 5. Appem.lix 8) using a rotameter, 
sampling. pump. and a rcpresemative 
sampling cas~ette. 

To set up the calibralion train. auach one end
of the PVC tubing tapprox. 2 fi) to the 
c<~ssette base; auach the other end of the 
tubing tv the lnle1 plug on the pump. 
Anoth~r pi.::ce of tubing is anached from the 
cassetle cap to the rotameter. 

Assemble the b:1se of:he flow meter with the 
screw provided and lighten iu place. The 
flow meter should be mounted within 6' 
v.::nical. 

Turn the sampling pump on. 

6. Turn the flow adjust screw (_or knob) on the 
personal sampling pump until the !lo:u ball 
on the rotameter is lined up with the 
precalibnued llow rate value. -t\ sticker on 
the rotameter should indicate this value. 

7. A \'C:rilication of calibration is generally 
performed on-site in the clean wne 
immediately prior to the sampling. 

7.3. Meteorology 

It is recommended that a meteorological station be 
established. If po~sible, ~ample after 1wo to three 
days of dry weulher and when the wind conditions are 
at 10 mph or greater. Record \l.ind speed. wind 
direction, temper.tture. and pressure in a field log:.ook. 
Wind direction is panicularly important when 
monitoring for asbestos downwind from a fixed 
source. 

7.4 Ambient Sampling Procedures 

7 .4.1 Pre-site Sampling Preparation 

I. 

2. 

Determine the extenl of the sampling effort, 
the sampling me1hods to be employed, and 
the types and amounts of equipment and 
supplies needed. 

Obmin necessary sampling equipment and 
ensure it is in working order and l'ully 
charged (if necessary). 

7 

J. Per!Onn a general site ~r.irvey priur IU site 
entry in accordance with the site" specific 
Health and Safety piau. 

4. Once on-site the calibration is perforl)led in 
the cleiln z.one. The calibration procedures 
arc:: listed in Section 7 . .!. 

5. After calibr.ning the samplitlg pump. 
mobilize to the sampling location. 

i.4.2 Sire Sampling 

I. To set up the sampling train, atU..ch the 11ir 
intake hose to the ~assette base._ Remove the 
cassette cap (figure 6 and 7, Appendix B). 
The cassette should be positioned downward, 
perpendicular to the wind 

2. 

;_ 

4. 

5. 

It" AC or DC dectricity is required then tum 
it on. I fused. the generator should be placed 
10ft. downwmd from the sampling pump. 

Record the fOllowing in a fie!~ logbook: 
date, time. location. s:~mple identification 
number, pump number. flow rate, and 
curnulati\'e time. 
Turn the pump on. Should intermittent 
5ampling be required. sampling filters must 
be covered between acth·e periods of 
sampling. To t·owr the sample filter: tum 
the cassette to face upward. place the 
casseUe cap on the .:as sene, remove _the inlet 
plug li"om the cassette c:~p. attach a rotameter 
to the inlet opening of the cassette cap to 
measure the flow rate, turn off the sampling 
pump, place the inlet plug into the inlet 
opening on the cassette cap. To resume 
s:~mpling: remove the inlet plug. turn on the 
sampling pump, attach a rotameter to 
measure the flow rate. remo••e the c11ssette 
cap, replace the inlet plug in the cassette cap 
and in\'ert the cassette, face downward and 
perpendicular to the wind. 

Check the pump at sampling midpoint if 
sampling is longer than 4 hours. The 
gener.~tors may need to be rega~ed depending 
on tank size. If a filter darkens in appearancJ: 
or if loos.;: dust is seen in the filter, a second 
sample should he started. 



6. At the end of the sampling period. orient the 
ca~sette up. tum thot pump off. 

7 Check the flow rate as shown in Sectivn 
7.2.3 When sampling open-faced. lhe 
;.ampliny: ,cap should be replaced before vo~t 
C<llibr<Jting. Use the same casseile used for 
sar.-tpling lOr post calibra1ion ~incre.ase 

dus~;'(iber loading may have altered the llow 
rale. 

!t. Reo;ord the post flow rate. 

9. Record tlie cumulative time or run. 

10. Remove the· tubing from the sampling 
casse-tte. Still holding the cassette upright, 
replace the inlet plug on the cassette cap and 
the oullet plug on the casseue base. 

7 .4.3. Post Site Sampling 

2. 

Follow handling procedures in Section 3.2. 
steps 1-4. 

Ob1ain an eleclronic or hard cop~· or 
meleorological data which occurred during 
the sainpling event. Record weather: wind 
speed,' ambient temperature, wind direct inn. 
and precipitation. Obtaining weather data 
several days prior to the sampling event ca11 
also be useful. 

7.5 Indoor Sampling Procedures 

PCM analysis is used for indoor air snmple.~. When 
analy~is shows total fiber count above the OSHA 
actionle~-el 0.1 [tee then TEM (U.S. EPA"~ Modi tied 
Ynmate 1'-·lethod) is used to identify asbestos from 
non-asbestos fibers. 

Sampling pumps should be placed tOur to five feet 
above groulld level away from obstructions that may 
influence air now. The pump can be placed on a table 
or counter. Refer lo Table 2 (Appendi., A) for a 
summary of indoor sampling locations and ration-. It> 
for selection. 

Indoor sampling utilizes high flow rates to increased 
sample volumes (2000 L for PC;'\-1 and 2800 to 4200 L 
for TE:0.1) in order to obtain lower dete::rion linw~ 
below the standard, (i.e., 0.01 ficc or lower [PC\-1] 

' 

;nul U.005 ;;tructurc:~in· IJT lower [T!::\1\). 

i.5 1 Aggressive Sampling Procedure~ 

S;uuplin!,! et]Uipment at fr:-~ed lvl·atioolo may fail tu 
detect 1he pre~eoce of asbestvs libers. Due to limited 
air mol'entent, rn;tny f1bers may settle out of the a1r 
onto the lltHlr ancl other ~urface$ ~nd mny not b.:
t'aprured 1m the litter. In the past. an R-hour ~amplin)! 
p~riml was re~ommended to cover \·arious air 
cin:ula1ion !.:Onditions. A quicker ancl more effec-tive 
w;1y to capture ;osbesto~ tibers is to drcul<ole I he air 
artifkially so 1hat the fibers remain airborne durin~ 
sampling. Tht r~su\ts from this sampling option 
typifie> wor~t t<!St:" cvn;lition. This is referred to as 
;1ggr~.sive air sampling for .1sbestos. Rt'fer 10 Tabk 2 
for $ample station locations. 

1. Before: ~larting the sampling pumps. Uirect 
forcetl air (su..-:b as a !-horsepower leaf 
blower or large fan) against walls, ceilings. 
llnors. ledges. and other surfaces in the room 
In initially d1s!odg.e libers from surfaces. 
Thi~ should take ll!IC::lSI 5 minutes per 1000 

sq. ll. of Jloor. 

3. 

4 

H.O 

Place" 20-in,·h tan in the center oftht:" room. 
(Use one fan pt:"r IU,OOO !.:ubic l~et of room 
~pace. t Pla,;:e the fan on slow spt:"<'d and 
point 11 toward the ceiling. 

follow procedures in Section 7.4.1 and 7.4.2 
(Tum off the pump and then the fants) when 
~am piing. is complete._t. 

Follow handlin~ procedures in Section J.:. 
~l<.'pS 1-4. 

CALCULATIO:"S 

The _,ample volume is o:akulated from the average 
flow rate of the pump multiplied by the number of 
minutt:"s the pump was n1nning (\•olume- flow rate X 
time in minutes). The sample volume should be 
~ubmined to the !abor~tory auU identified on the chuin 
of custody for e<tch s<Jmple (.:ero for lot, lieiJ and !rip 
blanks). 

Thl'" concentration result ts cakulated using the 
sample volume and I he number:> of asbestos structures 
reported a tiN I he application of the clust.:-r and matri.~ 
o::ounting. criterin. 
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9.0 QlALITY ASSI:RA:XCE/ 
QUALITY CONTROL 

Follow a11 QA1QC requirements from the bboratories 
as wc:ll :ts ll~c ~nalytical methods. 

9.1 TF.:I\·1 Requirements 

I. Ex:nnine lol blanks to dc:tern1ine the 
ba.:kground asbc:slos ~lructure concentration. 

2 

3. 

4 

5. 

6. 

7 

9.2 

I 

2. 

Ex:1mine fidd blanks to determine whether 
tht·rc is contamination by extrar.eous 
:Jsbcstus ~tructures during specimen 
prep;n;nion. 

E.xmninc:,,flabordtory blanks 10 de1ermine if 
..:om~mination is being introduced during 
.:ritical phases of1he laboralory program. 

To de1<~m1ine if lhe laboratory can 
$:Hisf.1ctorily analyu sar.-.ples of known 
as~stos structure concentrmions, reference 
filters shall be examined. ReJerence tillers 
should he maintained as pan of the 
l:~boratory's Quality -~ssuranc.: program. 

To minimize subjective eflt-.:ts, some 
!<p<Xitnens should be r.::counted by a dill"er.:nt 
rni.;ro$copist. 

A.sbestos laboratories shall be accredited by 
the N:nional Voluntllry Laboratory 
Accreditation _Program. 

At this time, perfomtance C\'Otluation ~am pies 
for asbestos in air are not available for 
Removal Program ..... ctivitie:>. 

PC.\1 Requirements 

Examine refc:rence slides of known 
concentralion to de!ermine the analyst's 
<~bility to satislilctorily count fibers. 
Reference slides should be maintained as 
pan of the laboratory's quality assurance 
program. 

Ex"Jmine field blanks to determine if there is 
contamination by extraneous structures 
during sample handling. 

9 

3. Some sampks should be relabeled then 
:>ttbmined for .;ounting by 1he same analyst. to 

detcrmtne po;;sible bias by the analyst. 

4. l':lrtil~ipation in a proficiency testin·g- prpgram 
~uch as the AIIIA·~IOSH proficiency 
annlytical te~ting !PAT) 11rogram. 

10.0 DATA VALIDATIO:X 

R._,s,.)ts of quality wntrol sample.; will be eviJiuated 
for l·omamination. This inl~umation .i..vill be utilized 
to qualify the environmental samp_Je results 
accordingly with the project's data quality qbjectives. 

11.0 HEALTH A:XD SAFETY 

When working with polentially· hazardous nlaterials • 
follow U.S. EPA, OSHA. and corporate health ~nd 
safety procedures. 1\·lore .spccilically, when entering 
an unknown.situation involving asbestos, a po\vered 
air purifying respirator CPAPRJ (full face~piece) is 
ne,essary in con_;unction with IlEPA filter canridges. 
See applicable re~'lllations lOr a'tion level, PEL, Tl V, 
etc. II' previous sampling indicateS asbestos 
concentrations an: below personal health and safety 
.levels. then Le\·el D per~onal protectiOn is adequate. 
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Sample Station 
Location 

Vpwind!Ba~kground:n 

Downwind 

Site Representative 
andior Won! Case 

APPENDIX A 

Tables 

TABLE I. 

SA\1PLE STATIO:--IS FOR OUTDOOR SA~PLIKG 

Sample Numbers Rationale 

Collect n minimum of two simultaneou~ Establishes background fiber levels. 
upwind!background samples 30" apan 
from the prevailing wind lines. 

' Deploy a minimum of3 sampling stations h:dicates if asbestos is lea\·ing :he 
in a I !iO degree arc downwind- from the site.' 
source. 

Obtain one site representative sample . 
whic~ shows average condition on-site or 
obtain wor~t case sample (optional). 

VerilY ~nd continually confirm and 
document selection of proper levels 
of worker pro1ec1ion. 

'"'More !han one background station may be re~uired if the asbestos origin~t~:s fi"om diflt:rent sources. 

II 
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APPENDIX A (Cont'd) I 
Tables 

I 
I 

TABLE 2 

SA!>.-tPLE STATIONS FOR INDOOR SAMPLING I 
Sample Swtion Sample Numbers Rationale I 
Location 

Indoor Sampling If a work site is a single room. disperse 5 Establish.:~ represemati \·e :oamples 
,;.amplers throughout the wom. from a homogeneous area. I 
lf!he work site coma in~ up to 5 room$, place 
ac kasc one sampler in each room. I 
If the work site contains more than 5 rooms. 
sde~·t a representatin: sample oft he rooms. 

Cp_wind!fbckground If out~ide sources an: suspec:t.:d. btabli;;h whether indoor asbe~tcs I 
deploy a minimum of two simuhanenus concentrations are ~:uming from an 
upwind!background samples 30" apart from otHside source. 
the prevailing windlines. I 

I 
\Vorst Case Obtain one wow case sample, i.e., Verif~· and contmual\y conlirm and 

ilggressive sampling (optional). dOCI.Inll!lll seko..:tion of proper kvels 
of worker proh:ction. I 
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APPENDIX B 

figures 

FIGURE I. Transmission Ele~1ron Microscopy Filler Ca~sC'II.: 
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fiGL R E 2. Ph as.: Co111ns1 :VI icroscopy Fihcr Casscne 
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figures 

FIGURE 3. Colibrating a Po::r.sonal Sampling Pump with a Bubbk \leter 
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CALIBRATOR 

15 

~ io~ 
0< I -·-w ()- 0 

~--
0 

Personal Sompl1ng Pump 



APPENDIX B (Coni' d) 

Figures 

FIGURE 4. Calibrating a Rotameter wtth ~ nubble Yletcr 
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FIGURE 5. Cnlibra•iog a Sampling Pump wilh P Rmamcl.:r 
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FIGURE 6. Pcr,;onll Snmp:ing Twin for Asht:slos 
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FIGURE 7. High Flow San1pling Train for Asbestos 
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GENERAL AIR 
SA:viPLING GUIDELINES 

SOP#: 2008 
DATE: 11/16/94 

REV.#. 0.0 

1.0 SCOPE AND APPLICATION 

This Standard Opemling Procedure (SOP) provides 
guidance in developing and implementing sampling
plans to assess the impact of hazardous waste sites on 
ambient air. It presents the United States 
Environmental Protection Agency/Environmental 
Response Team's (U.S. EPA!ERT"s) approach to air 
53mpling and monitoring and identifies equipment 
requirements. It is not within the SC(Ipe of this SOP to 
provide a generic air sampling plan. Ellperience, 
objectives, site characteristics, and chemical 
characteristics will dictate sampling strategy. This 
SOP does not address indoor air sampling. 

Two basic approaches can be used to assess ambient 
air (also referred to as air pathway assessments): 
modeling and measurements. The modeling approach 
initially estimates or measures the overall site 
emission nue(s) and pattero(s). These data are input 
into an appropriate air dispersion model, which_ 
predicts either the maximum or average air 
concentrations at selected locations or distances 
during the time period of concern. This overall 
modeling strategy is presented itt the first three 
volumes of the Air Superfund National Tecbnical 
Guidance Series on Air Pathway Assessments:>.zJl. 
Specific applications ofthts strategy are presented in 
seven! additional Air Superfund Technical Guidance 
documents1•1• 

The measurement approach involves actually 
measuring the air impact at selected locations duriDg 
specific Lime periods. These measurementS caD be 
used to docwnent actual air impacts during specific 
time intervals (i.e., during cleanup operations) or to 
extrapolate the probable "worst case" concentrations 
at that and similar locations over a longer time period 
than was sampled. 

This SOP addresses issues associaled with lhis second 
assessment strategy. This SOP also discusses the 
U.S. EPA/ERl"s monitoring instruments., air sampling 

kits, and approach to air sampling and monitoring at 
hazardous waste sites. 

These are standard (i.e., typically ·applicable) 
o~ting procedures which may be varied or changed 
as required, depending on site conditions; equipment 
limitations, or limitations imposed Oy ·the procedure. 
In aU instances, the ultimate procedures einployed 
sbould be docume01ed and associated with the fiDaJ 
report. 

Mention of trade names or commercial products do~ 
not constitute U.S. EPA endon:emeot or 
recommendation for use. 

Z.O METHOD SU:I<IMARY · 

Air monil()dng is defmed as the use of direct-reading 
instruments and other screeninJ or monitoring 
equipment and teehniques that provide instantaneous 
(real-time) data ·on the levels of airborne 
contaminants. The U.S. EPA/ERT maintains 
numerous monitors for real-time measurements. 
Examples of air monitoring «juipment are band-held 
photoionization detectors (PID), flame iooization 
delecton: (FlO), oxygen/combustible gas detectors, 
and remote optical sensors. 

Air sampling is defined as those sampling and 
analytical teehniqueslbat require either off. or on-site 
laboratory analysis md therefore do not provide 
immediate results. TypicaUy, air sampling occurs 
after use of real-time air monitoring equipment has 
narrowed the number of possible contaminants and 
has provided some qualitative measuremeat of 
cont:uninant concentration. Air sampling teChniques 
are used to more ·accurately detect, ideDtify and 
quantify specific chemical compoWJds relative to lbe 
majority of air monitoring technologies. 

In the Superfund Removal Program, On-Scene 
Coordinaton: (OSCs) may request the U.S. EPAJERT 
to conduct air monitoring and sampling during the 



following situations: emergency responses, site 
assessments, and removal activities. Each of these 
activities has a related air monitoring/sampling 
objective that is used to determine the potential 
hazuds to workers and/or the community. 

Emergency Response 

Emergency responses are immediate 
responses to a release or threatened release 
of hazardous substances presenting an 
imminent danger to public heaJth, welfare, or 
the environment (i.e., chemical spills, fires, 
or chemical process failures resulting in a 
conttolled release of hazardous subslances), 
Generally these situations require rapid on· 
silt investigation and response. A major pan 
of this investigation consists of assessing lhe 
air impact of lhese releases. 

• Removal Site Assessment 

Removal site assessments (referred to as site 
assessments) are defined as any of several 
activities undenaken to determi.Oe the eJltent 
of contamination at a site and which help to 
formulate the appropriate response to a 
release or threatened release of hazardous 
subs1ances. These activities may include a 
site inspection, multimedia sampling, aad 
other data collection. 

Removal Actions 

Removal actions clean up or remove 
hazardous substances released into the 
environmenl Removal actions include any 
activity conducted to abate, prevent, 
minimize, stabilize, or eliminate a threat to 
public health or welfare. or.· to the 
environmenl 

Personal risk from airborne contaminants can be 
detennined by comparing the results of on-site 
monitoring and sampling to bealth-based action levels 
sucb as the American Conference of Governmental 
Industrial Hygienists (ACGIH) Threshold Limit 
Values (TLVs) and the Occupational Safety and 
Heakh Administr.ttion (OSHA) PcDDissible Exposure 
Limiu (PELs). Residential risk can be determined by 
comparing· the results of off-site monitoring or 
sampling to health-based action levels such as those 
develof)ed by the Agency for To:tic Substance and 

2 

Disease Registry (ATSDR). 

The extent to 'which valid inferences can be drawn 
from air monitoring/sampling depends on the degree 
to which the rnonitoring.lsampling effort conforms to 
the objectives of the event. Meeting the project's 
objectives requires thorough planning of the 
monitoring/sampling activities, and lrnplemenll:ttion of 
the most appropriate monitoringisampling and 
analytical procedures. These issues will be discussed 
in \his SOP. 

3.U SAMPLE PRESERVATION, 
CONTAINERS, HANDLING, 
AND STORAGE 

Preservation, containers, handling and Storage for air 
samples are discussed in the specific SOPs for the 
technique selctted. In addition. the analytical method 
(i.e., U.S. EPA, !'lationallnstitute for Occupational 
Safety and Health [:"flOSHJ, and OSHA Methods) 
may be consulted for stornge temperature. holding 
times and packaging req~irements. Aller sample 
collection, the sampling media (i.e., cassettes or 
tubes) are immediately sealed. The samples are then 
placed into suiiable containers (i.e., whirl bags, 
resealable bagsor cu1ture tubes) which are then placed 
into a shipping container. 

Use bubble wrap or styrofoam peanuts when packing 
air samples for shipmeol DO ~OT USE 
VER.~CULITE. 

~U INTERFERENCES AND 
POTENTV\.L PROBLEMS 

Upwind sources can contribute to sample 
concentration. Natural sources, such as biological 
waste, can produce hydrogen sulftde and methane 
which may conoibute to the overall contaminant level. 
Extraneous anthropogenic contaminants (i.e., burning 
of fossil fuels; emissions from vehicular traffic, 
especially diesel; volatile compounds from 
petrochemical facilities; and effluvium from smoke 
stacks) may also contribute. Air sampling Stations 
should be strategically placed to identify conttibuting 
sources. 

Photoreactivity or reaction of the parameters of 
concern :nay occur with nonre\ated compounds [i.e., 
nitrogen compounds and polyaromatic hydrocarbons 
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{P AH.s)). Some sorbent media/samples should not be 
exposed to light during or after sampling due to 
photochemical effects (i.e., PAHs). 

Various environmental facton, including humidity, 
temperature and pressure, also impact the air sampling 
methodology, collection efficiency and deJeCtion 
limit. Since the determination of a it contaminants is 
specifically dependent on the collection parameten 
aud efficiencies. the colleclion procedure is an integral 
pan of the analytical method. 

Detection limits depend on the contaminants being 
investigated and the particular site situation. It is 
important 10 know why the data are Deeded and bow 
the data will be used. Care should be taken to ensure 
lbe detection limits are adequate for the intended usc 
of the fmal resuJts. 

Some equipment may be sensitive to humidity and 
temperature extremes. 

5.0 EQUIPME~T/APPARATUS 

5.1 Direct Reading Instruments (Ai" 
Monitoring Instruments) 

There are two general types of direct reading 
instruments: portable screening devices and 
specialized anaJytical instruments. Generally all these 
techniques iravolve acquiring, for a specific location or 
area. continuous or sequential direct alr concentrations 
in either a real-time or semi-real-time mode. None of 
lhese insauments acquires true time-weighted average 
concentrations. In addition, these instruments are not 
capable of acquiri.og simultaneous concentration 
readings at mulliple locations, ahhough sevezal are 
able to sequentially analyze samples taken remotely 
from different locations. The document, ~Guide to 
Portable Instruments for Assessing Airborne 
Pollutants Arising from Hazardous Waste Sitesm," 
provides additional infonnation about air Slll'Dpling 
and monitoring. The hazard levels for airborne 
contaminantS vary. See the ACGIH TL Vs and the 
OSHA PELs for safe working levels. Common 
screening devices and analytical instruments are 
de!iCribcd in Appelldix A. 

5.2 Air Sampling Equipmeot aDd 
Media/Devices 

The U.S. EPAIERT uses the following analytical 

3 

methods for sampling: NIOSH Manual of Analyricol 
Methods1' 1, American Society for Te.sring and 
Materials (AST.\1) MelhotfE-1, U.S. EPA Compendium 
of Methods for the Determination of Toxic Organic 
Compounds in Ambient Ab.:·•·'ll, and OSHA 
Methods( 10

'. Additional air sampling references 
include Industrial Hygiene and To:ticology (3rd 
Ed.YJI) and Air Sampling Instruments for Evaluation 
of Atmospheric Contaminanr.rm. These methods 
typicaUy specify equipment requirements for 
sampling, Since aU: sampling is such a diverse 
technology, no single method or reference is best for 
all applications. Common sampling equipment and 
media/devices ue described in Appendix 8. 

5.3 Tools/Material and Equipment 
List 

In addition to equipment and materials identified in 
Appendices A and 8, the following equipment and 
materials may be required to conduct air sampling and 
monitoring at ~us waste sites: 

• Camera' 
• Site logbook 

Clipboanl 
• Cbain of custody records 
• Custody seals 

Air sampling worksheets 
• Sample labels 
• SroaJI screwdriver set 
• AJuminum foil 
• Extension cords 
• Glass cracker 
• Multiple plug outlet 
• Whirl bags or culture tubes 

Teflon tape 
• Calibration devices 
• Tygon and/or Tenon• tubing 

Surgical gloves 
• lint·free gloves 
• Joe 
• Sample container 

Use the following additional equipment whCD 
decontaminating glassware on site: 

• Protective equipment (i.e., gloves, splash 
goggles, etc.) 

• Appropriate solvent(s) 
• Spray bortle.s 
• LiquiDox (soap) 
• Paper towels 



" Distilled/deionized water 
" Five-gallon bucketS 
• Scrub brushes and bonle brushes 

6.0 REAGENTS 

Impinger sampling involves using reagentS contained 
in a glass vial to absorb contaminantS of concern (for 
example, ~OSH Method JSOO for fonnaidehyde uses 
1% sodium bisulfite solution). Impinger solutions 
vary and are method-dependent. 

Reagents such as acetone and he;w;ane are required to 
decontaminate glassware and some air sampling 
equipment. Decontamination solutions are specified 
in the Sampling Equipmem Decontamination SOP, 

7.0 PROCEDURES 

7.1 Air Monitoring Design 

7 .1.1 Initial Surveys 

In general, the initial survey is considered to be a 
relatively rapid saeening process for eollectiog 
preliminary data at ha.u:rdous waste sites. However, 
initial surveys may require many hours to complete 
and may consist of more than one entry. 

Some information is generally known about the site; 
therefore, reaHiJne instrumentation for speeifie 
compOWlds (i.e., detector tubes and electrochemical 
se~~sors) can be used to identify hot spots. Sufficient 
data should be obtained with real-time instruments 
during the initial entry to screen the site for various 
contaminants. When warranted, intrinsically safe or 
e;w;plosion-proof instruments should be used. AD 
organic vapor analyzer (OVA) is typically l.lSCd during 
this survey. These gross measurementS may be used 
on a preliminary basis to {l) determine levels of 
personal protection, (2) establish site work :lOnes, and 
(3) map candidate areas for more thorough qualitative 
and quantitative studies involving air sampling. 

ln some situations. the iDfmmalion obtained rnay be 
.sufficient to preclude additional monitoring. 
Materials deteeted durina the initial survey may can 
for a more comprehensive evaluation of hazards and 
analyses for specific compounds. Since site activities 
and weather conditions change, a contiouous program 
to monitor the ambient atmosphere must be 
estabUshed. 
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7 .1.2 Off-Site Monitoring 

Typically, perimeter moni10ring with the same 
instruments employed for on-site monitoring is 
utilized to determine site boundaries. Because air is 
a dynamic matri;w;, physical boundaries like propeny 
lines and fences do not neeessarily delineate the site 
boundary or area ibflueneed by a release. Whenever 
possible, atmospheric hazards in the areas adjacent to 
the on-site zone should be monitored with direct
reading instrumentS. Monitoring at the fence line or at 
vazying IGCations off site provides useful infonnation 
regarding polluiant migration. Three to four locations 
downwind of the source (i.e., plume) at breathing
zone height. provide a basic fingerprint of the plume. 
Negative instrument readings off site should not be 
interpreted as the complete absence of airborne toxic 
substances: rather, they should be considered another 
piece of infonnation to assist in the preliminary 
evaluation. The interpretation of negative readings is 
instrument-dependent. The laek of instrument 
readings off site should not be interpreted as the 
complete absenee of all airborne to;w;ic substanees; 
rather, it is possible that the particular compound or 
class of compounds to which the monitoring 
instrument rC$ponds is not present or that the 
concentrati(ln of the compowtd(s) is below the 
instrument's detection limit. 

7.l Air Sampling Design 

7 .2.1 Sampling Plan Design 

The goal of air sampling is 10 accurately assess the 
impaet of a contaminant source(s) on ambient air 
quality. Tbis impaet is e;w;pressed in tenns of ovenll 
average and/or maximum air concentrations for the 
time period of concern and may be affected by the 
tr.msport and release of roUutants from both on- and 
off-site sources. The location of these sources must 
be taken into account as they impac~ the selectioo of 
sampling locations. Unlike soil and groundwater 
concentrations, air concentrations at pointS of interest 
can easily vary by orders of magnitude over the period 
of concern. This variability plays a major role in 
designing an air sampling plan. 

Downwind air concentration is detennined by the 
amount of material being released from the site into 
the air (the emission rate) and by the degree that the 
contamination is diluted as it is transponed. Local 
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meleorology and topography govem downwind 
dilution. Contaminant emission rates can also be 
heavily influenced by on-site meteorology and on-site 
activities. All of these concerns must be incorporated 
into an air sampling plan. 

A sampling strategy can be simple or complex, 
depending on the sampling program objectives. 
Programs involving characterization of the pollutant 
contribution from a single point source tend to be 
simple, whereas sampling programs investigating fate 
and uansport characteristics of compooenu from 
diverse soun:es require a more complex sampling 
strategy. In addition, resource constraints may affect 
the complexil)' of the sampling design. 

An optimal sampling suategy accounts for the 
following site parameters: 

• 

• 
• 

• 

• 
• 

location of stationary as well as mobile 
sources 
Analytes of concern 
Analytical detection limit to be achieved 
Rate of release and transpon of pollutants 
ftom sources 
A vaiJability of space and utilities for 
operating sampling equipment 
Meteorological monitoring data 
Meteorological conditions in wbich sampling 
is to be conducted 

The samplicg strategy typically requires that the 
concentration of contaminants at the soun:e or area of 
concern as well as background contributions be 
quantified. It is important to establish background 
levels of contaminants in order lO develop a reference 
point from which to evaluate the sow:ce data, Field 
blanks and lot blanks. as well as various other types of 
QAIQC samples, can be utilized to detennine other 
sources. The impact of extraneous sources on 
sampling results can frequently be accounted for by 
pl.acing samplers upwind, downwind and crosswind 
from the subject source. The analytical data from 
these different sampling locations may be compared 
to determine statistical differences. 

7.2.2 Sampling Objectives 

The objectives of the sampling must be determined 
prior to developing the sampling plao. Does the 
sampling plan verify adequate levels of protection for 
on-site personnel, or address potential off-site impacts 
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associated with the site or with 'site acti~ities? In 
addition, the assumptions associated with .the 
sampling propam must be deftned. These 
asswnptions illclude whether the sampling is tO take 
place under "typical,~ ''worst case, • .or·"ooe-time" 
conditions. If"the conditions present at the time of 
sampling are different from those assumed during the 
development of the sampling plan, then quality of the 
data collected may be affected. 'rbc following 
definitions have been established: 

• Typical: routine daily sampling or routine 
scheduled sampling at 'pre-established 
locations. 

• Worst case: sampling conducted undenhe 
worst meteorological and/or site conditions 
which would result in elevited ambient 
concentrations. 

One-time: only one chance is given to ,collect 
a sample without regard . to time or 
conditions . 

Qualitative data acquired ~mder these cobdilions are 
usually applicable only to the time period during 
which the data were collected and m_ay not provide 
accurate infonnation to be used in estimating the 
magnitude of an air impact during other periods or 
over a long time interval. 

The samplillg objectives also dictate the detection 
limits. Sampling methods for airborne contaminants 
wiU depend upon the nature and slate (solid, 'liquid or 
gas) of the conU~minaot. Gases and vapors may be 
collected in aqueous media or adsorbents, in 
molecular sieves, or in suitable containers. 
Particulates are collected by tUters or impactors. The 
volume of sample to be collected is dependent upon 
an estimate of the contaminant concentration in the 
air, the sensitivity of the analytical method, aod the 
standard or desired detection limit. A sufficient 
amount of sample must be collected to achieve the 
desired detection limit without interference from other 
contaminants. In addition, the selected method must 
be able to detect the target compound(s). 

7.2.3 Location and Number of IndividuaJ 
SampJing Points 

Choose the nwnber and location of sampling points 
according to tbe variability, or sensitivity. of tbe 



sampling and analytical methods being utilized, the 
variability of contaminant concenll'atio.o over time at 
the site.. the level of precision required and 
costlimitarions. In addition, determine the number of 
locations and placement of samplers by considering 
the nature of, the response, local temin, 
meteorological conditions, location of lhe site (with 
respect to oilier conflicting background sources), size 
of the site, and the number, size, and relative 
proximity of.sepan~te on-site emission sources and 
upWind sources. The following are several 
consideratio.os for sampler placement: 

• Location of potential 011-site emission 
sources, as identified from the review of site 
background infonnation or from preliminary 
on-site inspections. 

• Location of potential off-site emission 
sources upwind of the sampling location(s). 
Review local wind patterns to detennine the 
location of off-site sources relative to wind 
dir«tion. 

• Topographic features that affect the 
dispersion and transport of airborne toxic 
constituents. 

A void natwal· obstructions wbeu choosing air 
sampling station locations', and account for 
chatlnelization around lhose obstructions. 

• 

Large water bodies, which affect 
aono5J1heric stability and the dispersion of 
air contaminants. 

Roadways (din 
generate dust 
contan:Unants. 

or paved). 
that could 

which may 
mask site 

Vegetation, such as trees and shrubs, which 
stabilizes soil and retards subsurface 
contaminants from becoming airborne. It 
also affects air Row and scrubs some 
contaminants from the air. Sometimes thick 
vege~ation can make an otherwise ideal air 
monitoring location inaccessible. 

Consider the dwation of sampling activities when 
choosing the location and number of samples to be 
collected. For example, if the sampling period is 
limited to a few hours, one or two upwind and several 
downwind samples would typically be adequate, 
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e!>pecially around major emission sources. 

A shon-term monitoring program ranges from several 
days to a few weeks and generally includes gathering 
data for sile assessments, removal actions, and source 
determination data (for further modeling). Activiti~s 
involved in a short-tenu sampling strategy must make 
the most of the limited possibilities for data collection. 
Consider moving upwind/downwind locations daily 
based on National Oceanic and Atmospheric 
Administration (NOAA) weather forecastS. Weather 
monitoring becomes critical where complex terTain 
and local meteorological effects frequently change 
wind direction. Often, a number of alternatives can 
fulfill the same objectiVe. 

Prevailing winds running the length of a valley usua\ly 
require a minimum number of sampler locations: 
however, a complex valley may require more sampler 
locations to account for the wide variety of winds. 
Oceanilake effects may require a radical plan to 
collect enough samples to reacb a low detection limit. 
Two sets of samplers may be placed next to each 
other: one set wo!Jid be activated during the sea breeze 
wbi/e the other sei is tumed off, and vice versa when 
there is no sea breeze. After the sampling event, the 
respective upwind and downwind samples would be 
combined. Another alternative for sampling near a 
large body of water may be to use automatic, wind
vector-operated samplers, which tum the sampler on 
only when the wind comes from a specified vector. 
At sites located on bil\sides. wind will move down a 
vaUey and produce an upward fetch at the same time. 
Sampling locations may have to ring the site to 
measure the wind's impact. 

Off-site sowces may affect on-site monitoring. In this 
case, on-site meteorological data, concuiTent with 
sampling data, is essential to interpreting the acquired 
data. Also, additional upwind sampling sites may be 
needed to fully characterize ambient background 
contaminant levels. M!Jit:iple off-site sources may 
require several monitoring locations. but if the sources 
are at a sufficient distance, only one monitoring 
location is needed. 

Topography and weather are not the only factors in 
sampler location; the sampling sites must be secure 
from vandaJs and mishap. Secure all sampling 
locations to maintain chain of custody. az~d 10 prevent 
tampering with samples or loss of sampling units. 
Hish-volume sampling methods often require the use 
of 110 VAC electric power. When portable 
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generators are used, lhe power qua1il)' may affect 
sampler operntion, Also, be aware that the generators 
themselves could be a potential poUution SOIUCC if 
their placement is not carefully considered. 

Air quality dispersion models can be used to place 
samplers. The models incorporate solli'Ce information. 
surrounding wpopphy, and meteorological data to 
predict lbe ,general distance a.od directions of 
maximum ambient concentrations. Modeling resulu 
should be used to select sampling locations in areas of 
maximum poUutant concentrations. 

7.2 .4 Time, Duration and Frequency of 
Sampling Events 

After choosing appropriate sampling or monitoring 
locations. determioe the sampling frequency and the 
nwnbcr ofsaD:aplcs to be collected. The time of day, 
duration aDd frequency of sampling events is governed 
by: 

• The elf eelS of site activities and meteorology 
on emission rates 

• The diumal effect of the meteorology on 
downwind dispersion 

• The time period(s) of concern as defined by 
the objective 

• The variability in the impact from other non
site-related sources 

• 1f defined, the degree of confidence needed 
for either the mean or maximum downwind 
concentrations observed 

• The precision requirements for single 
measurements 

• Cost and other logistical considerations 

The duration of the removal action and the number of 
hours per day that site work is conducted detellninc 
the time, duration, and frequency of samples. Short
tenD sampling programs may require daily samplin&, 
while loog-tcnn programs may require 24-bour 
sampli.og C'IQ)' sixth or twelfth day. If the site will be 
undergoing rcmo ... a1 activities 24 hours a day, 
continuous air Si!!Dpling may be waJTa.nted. However, 
if the site activities will be conducted for only eight 
hOW'S a day, and there are no emissioos likely to occur 
during the remaining 16 hours, then sampliDg would 
be appropriate prior to the start of daily activities. 
would continue during operations, and end at the 
conclusion oftbe daily activities. An off-peak. sample 
collection can ensure that emissions are not pcrsisli.og 
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after the conclusion of daily cleanup activities. For 
some sites, emissions are stiU a factor several hours 
after daily site activities have been comple\ed. 
Because of the typically decreased downwind 
dispersion in the evening, higher downwind 
concentrations than were present during daytime site 
activities may be detected. For sites where this is 
possible, the sampling duration needs to be lengthened 
accordingly. 

Sampling diU'S:tion and flow rate dictate the volume of 
air collected, and to a major degree, the detection 
limit. The analytical method selected will provide a 
reference tO flow rate and volume. Flow rates arc 
limited to the capacily oftbe pumps being employed 
and the contaci time required by the collection media. 

The duration or period of air sampling is commonly 
divided into two categories (I) samples collected over 
a brief time period are referred to as "instantaneous• 
or "grab" samples and are usually collected in less 
than lhc minutes and (2) average or integraled 
samples are collected over a significantly longer 
period of time. Integrated samPles provide an avcn.ge 
concentration over the entire sampliDg period. 
Integrated samph~s are not suited to determining 
cyclical releases of contaminants because periodic or 
cyclical events are averaged out by the proportionally 
long sampling duration. 

Air quality dispersion models can predict the 
maximum air contaminant concentration expected 
from a source. 1bc meteorological and site conditions 
cxpecled to cause the highest concentration are known 
as worst-case conditions and can be identified by 
analyzing the modeling results. Depending upon the 
objective, one may sample when the model predict$ 
worst-case conditions will ex.ist. 

7 .2.5 M e teo r o I o g i c a I au d 
Physical/Chemical Considerations 

A meteorological monitoring program is an integral 
pan of site monitoring activities. Meteorological data, 
which define localtcrrain impacts on air flow paths, 
are needed to interpret air concentration data. 
Meteorological data may be available ti:om an ex.isting 
station located ncar the site (i.e., at a local airpon). 
otherwise a station should be set up at tbe site. This 
data will document the degree that samples actually 
were downwind and verify whether other worst-ease 
assumptions were mel Meteorological parameters to 



be moniwred are, at a minimum,_wind speed, wind 
directicn, and sigma theta (which is the horizontal 
wind directi()D standard deviation and an indicawr of 
atmospheric stability). The remaining parameters 
primarily affect the amount of a contaminant available 
in lhe air. 

Wind Speed 

When the contaminant ()f concern is a 
particulate, wind speed is critical in 
determining whether the particulate wiU 
beC()me airborne, the quantity of the 
particulate that becomes airborne, and the 
distance the parti<:ulate will travel from the 
sour<:e. Wind speed also <:onuibutes to the 
volatilization of contamin&DtS from liquid 
source:s. 

• Wind Direction 

• 

• 

• 

Wind cfuection highly influences the path of 
airborne contaminants. ln addition, 
variations in wind diRction increase the 
dispersion of pollutants from a given source. 

Atmospheric Stability 

Atmospheric stability refers to the degree to 
which lhe atmosphere tends to dampen 
vert.ical and horizontal motion. Stable 
auuospheric conditions (i.e., evenings) result 
in low dispenioo. and UDstable aanospheric 

conditions (i.e., hot sunny days) 
result in higher dispersion. 

Temperature 

Higher temperatures increase the rate of 
volatilization of <1rganic and some inorganic 
compounds and affect the initial rise of 
gaseous or vapor contaminants. Therefore, 
worst-case emission of volatiles and 
sent.ivolatiles <1ccurs at the h<lttCSt lime of 
day, <It <In the hottest day. 

Hunridity 

High humidity affects water-soluble 
chemicals aod paniculates. Hwnid 
conditions may dictate the sampling media 
used to collect the air sample, or limit the 
volume of air sampled and thereby incruse 

8 

tbe detection limit. 

Atmospheric Pressure 

Migration of landfill gases through the 
landfill surface and through surrounding soils 
are governed by changes ill atmospheric 
pressure. Atm<lSpberic Jlressure will 
influence upward migration· <If gaseous 
contaminants from shallow aquifers into the 
base~t~ents of overlying structures. 

In many cases, the transport Mad dispersion 
of air p<lllutants is complicated by local 
meteorology. ~ormal diurnal variations (i.e., 
temperature inversions) affect dispersion of 
airborne contaminants. Terrain features can 
enhance or create air inversion~ aod can also 
influence the path and speed of air flo.,.,., 
complicating trnnspon and dispersion 
panems. 

The chemical characteristics of a 
contaminant (i.e., 111olecular weight, physical 
state, vapor pressure, aerodynamic size. 
temperature, reactive compouDds, and 
photodegradation) affects its behavior and 
can influence the method used 10 sample and 
analyze it. 

8.0 CALCULATIONS 

Volume is obuuMd by multiplying the sample time in 
minutes by the flow rate. Sample volwne should be 
inllicated on lhe chain of custody record. Adjustments 
for temperatun: and pressure differences may be 
reqllircd. 

Results are usually provided in pans per million 
{ppm), pans per billion (ppb). milligrams per cubic 
meter (mg'm') or micrograms per cubic meter ()Jg/ml). 

Refer to the analytical method or regulatory guidelines 
for other applicable calculalions. 

9.0 QVALITYASSURANCE/ 
QUALITY CONTROL 

The manufacturer's insuuctions should be reviewed 
prior to instrument use. Instruments must be utilized 
in accordance wilh manufacturer's instructions. 
Equipment checkout and calibration activities must 
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occur prior to and after monitoring and sampling and 
must be documented. 

9.1 QA/QC Samples 

QNQC samples provide information on the variability 
and usability of environmental sample results. 
Various QAJQC samples may be collected to detect 
error. QAJQC samples are submined with the field 
samples for analysis to aid in identifying lhe origin of 
aoalytical discrepancies; then a detem:aination can be 
made as to how the analytical resuhs sbould be used. 
Collocated samples, background samples, field 
blanks, and lot blanks are the most commonly 
collected QA/QC field samples. Perfonnance 
evaluati(ln (PE) samples and matrix spikes pravide 
additional measures of data QAJQC control. QAJQC 
results may suggest the need for modifying sample 
collection, preparadon. handling, or analytical 
procedures if the resultant data do not meet site. 
specific QA or data quality objectives. 

9.2 Sample Documentation 

All sample and monitoring ~tivities should be 
documented legibly, iD ink. Any corrections or 
revisions sbou;ld be made by lining through lbe 
incorrect enay and by initialing the enor. All samples 
must be recorded on an Air Sampling Worksheet. A 
chain of custOdy record must be maintained from the 
time a sample is taken to the filial deposition of the 
sample, Custody seals demonstrate that a sample 
container bas not been opened or tampered with 
during uanspon or storage of samph:s. 

10.0 DATA VALIDATION 

Results for QA/QC samples should be evaluated for 
contamination. This information should be utilized to 
qualify the environmental sample results accordingly 
with data quality objectives. 

ll.O HEALTH AND SAFETY 

Personal protection equipment (PPE) requirements 
identified in federal and/or state regulations a.nd 29 
Code of Federal Regulations (CFR) 1910.120 for 
hazardous waste site work must be followed. 

The majority of physical precautions involved in air 
sampling are related to the contaminant sampled. 
Attention should be given when sampling in 
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potentially explosive, flammable or acidic 
atmospheres. On rare occasions, the collection media 
may be ba23rd0us; for example, in the instance where 
an acidic or basic solution is utilized in an impinger. 

When work,ing with potentially hazardous materials, 
follow U.S. EPA, OSHA and corporate health and 
safety procedures. 
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APPENDIX A 

Ponablc Screening Devices and SpecialiZed Analyticallnsfruments 

PORTABLE SCREENJ:-JG DEVICES 

Where possible, a datalogger should be used 10 

minimize the length of rime ~d for site personnel 
to be in a potentially contaminated area. Datalo1:ger 

cable is available fi'om manufacturen for linear output 

instruments and S<lme nonlinear output instruments. 

U.S. EPA ERTIREAC has ourput cables for organic 

vapor aoalyzezs (i.e., H:-IU and OVA), toxic gas· 

analyzers (i.e.. monitox) and real-time aerosol 
monitors (i.e., RAM and inioiram). 

• Total Hydrocarbon Analyzers 

Total hydrocarbon analyzers used to dete<;t a 
variety of lfOlatile orgaoic con:1pounds 
(VOCs) at hazardous waste sites principally 

employ either a pbotoicnizatioo detector 
(PID) nr a flame ionization detectcr (FlD). 

Compounds are ionized by a flame or an 
uh.raviolet lamp. PIDs depend on the 

ionization potential of \he compounds. PIDs 
arc seositive to aromatic and olefinic 
(unsaturated) compoUDds such as benzene, 

toluene, styrene, xylenes, and acetylene. 

Greater selectivity is possible by using low

voltage lamps._ The ionization potential of 
individual compounds can be found in the 
~OSH Pocket Guide tO Chemical Hazards. 

These instruments ale not compound-specific 
and are l}'pically used as screening 

instruments. FIDs are sensitive to volatile 

organic vapor compounds such as methane, 

propanol, beru:ene and toluene. They 

respond poorly to organic compounds lacking 

hydrocarbon characiC:ristics. 

Oxygen and Combustible Gas Indicators 

Combustible Gas Indicaton (COTs) provide 

efficicot and reliable methods to test for 

potentially explosive aunospheres. CGI 

meters measure the concenttation of a 

flammable vapor or gas in air and present 

these measurements as a percentage of the 

II 

lower explosive limit (LEL). 

The measurements arc tcniperatwe-depcndcnt. The 

property of the calibration gas dctenniries sensitivity. 

LELs for individual compounds can be found in the 

NIOSH Pocket Guide to Chemical Hazards. If 

readings approach or exceed 10'/o of the LEL, extreme 

caution _sbou1d be exercised in continWng the 

investigation. lf readings approach or exceed 2S% 

LEL, personnel should be withdrawn ~ediately. 

CGis typicaUy house an electrochemical sensor to 

determine the oxysen concentratioa in ambient air. 

Normally, air contains approltimately 20.9% oxygen 

by volwne, Oxygen measurements are-ofparticular 

imponance for work in enclosed spaces, low-lying 

areas, or in the vicinity of accidents that have 

produced heavier-than-air vapors which <:ould displace 

ambient air. The meten an: calibrated for sea level 

and may indicate a false negalive (i.e, 0: content) at 

higher altitudes. Sin<:e the air has been displaced by 

other substances, these. oxygen-deficient areas are also 

prime locations for taking additional organic vapor 

and oombustible gas measutements. Oxygen-enriched 

atmospheres increase the potential for fires by their 

ability to contribute 10 combustion or to che,mi<:all) 

react with flammable <:ompounds and Promote auto
ignition. 

• Toxic Atmosphere Allalyzers 

The toxic atmosphere analyzer is a 

compound-specific instrument, designed and 
calibn.ted to identifY and quantify a specific 

compound or class of compounds in eitber 

gaseous or vapor fonn. Cross-sensitivity 10 

air pollutants not of interest may be lead to 
enoneous results. 

U.S. EPAJERT has the following toxic 
atmosphere analyzm: carbOD monoxide, 

phosgene, nitrous oxide, hydrogen cyanide, 

sulfur dioxide, hydrogen sulfide, and chlorine 
gas. 
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Aero~liParticulate Monitors 

A Real-Time AerosoliParticulate Monitor. 
(RAM) displays readings for total 
particulates. Tbe instrument employs a pulse 
light eznittiDg diode which generates a 
nanow band emistioo in conjunction with a 
photovoltaic cell to dettcl light scanered 
&om panicWates. 

The U.S. EPAIERT uses the RAM when the 
contaminant of concern is associated wilh 
particulates, and when responding to fires 
iDvotVU.g hazardous maU'rials, to identify 
plume levels. The instrument is very useful 
iD detc:rmining the presence of a plwne when 
it is DOt visible. The U.S. EPA'ERT 
typically uses RAMs on tripods to obtain 
particulate concentrations at the breathing 
zone level. Persanal dataloggers are used 
with the RAMs to document minimum, 
avenae"and muimwn concentrations. This 
provides real-time data without requiring 
tbose in personal protective equipment to be 
constantly present in the plume. 

Chemical Detector Tubes· (Colorimetric 
Tubes) 

A chemical detector rube is a hollow, tube· 
shaped, glass body containing one or more 
layera of chemicaUy impregnated inert 
material. To use, the fused ends are broken 
off aad a manufacturer-specified volume of 
air is drawn through the tube with a pump to 
achieve a given detection limit. The 
chemicals contained within the packing 
material undergo a chemical reaction with 
the airborne poUulant present, producing a 
color change during the iotake of each pump 
stroke._ The concentration of a pollutant ill 
iDdicated by the length of discoloration on a 
calibrated scale printed on the de~.ector tube. 

Radiation Meters 

Radiation meters determine the presence and 
level of mdiatioo. The meters use a gas or 
solid ioo detection media which becomes 
ionized when radiatioo is present. The 
meters are oonnally calibratcd to one probe. 
Meters that detect alpha. beta, and gamma 
radiation are available. 
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Gold Film (Hydrogen Sulfide and Mercury 
Vapor) Monitors 

Hydrogen sulfide (H,S) and Mercury (Hg) 
monitOI$ operace on the principle that electric 
resistivity increases across a gold film as a 
function of H1S and Hg concentration. The 
monitors provide 111pid and relatively low 
detection limits for H~S and Hg in air. Afler 
extensive santpling periods or high 
concentrations ofH1S and Hg, the gold film 
must be heated to remove cooumioat.ion and 
retw:n the monitor to its original sensitivity. 

Infrared Detectors 

Infrared detectors such as the MiniaiUre 
Infrared Analyzer (MIRAN) use infrared (IR) 
absorption as a fwlction of specific 
compounds. MffiAN instrumentS apply to 
situations where the contaminants are 
identified but concentntions are noL 
MIRA...'l instruments generally [~uite AC 
power. 

SPECIALIZED 
INSTRUMENTS 

ANALYTICAL 

The continuous monitors described above p[ovide 
qualitative measurement of air contaminants. 
Quantitative measurementS in the field can be 
obtained using more sophisticated instrumenls, such 
as portable G-as Chromatographs, to analyze grab 
samples. 

• Direct Air Santpling Ponable Gas 
Chromatogr.aphs (GCs) 

Portable GCs use gas chromatography to 
identify and quantify compounds. The time 
it takes for a compound to move through a 
chromatographic colwnD is a function of that 
specific compound or group of compoWlds. 
A trained technician with knowledge of the 
range of expected concentrations of 
compounds can utilize a portable GC in the 
field to analyze grab samples. GCs generally 
requin: AC power and shelter to operate. 
This method is limited by its reliance on a 
short-term grab sample to be representative 
of the air quality at a site. 
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• Remote Optical Sensing 

This technique, also refemd to as long-path 
or open-path monitoring. involves 
tnosminiog either an infrared or ul11'3violet 
Jigbt beam across a long open palh and 
measuring lhe absorbance at specific 
wavelengths. The techn.ique is capable of 
aoalyzillg any preselected organic or 
inorganic volatile compound that can be 
resolved li'om compounds naturally occurring 
iD ambient air. Current projected removal 
applications include perimeter monitoring 
during si~ cleanups and rneasllrement of 
emission sowce strengths during site 
ua:essmmts. 

• 
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T AGA Direct Air Sampling Mass 
Spectrometer/Mass Spectrometer 

The Trace Aanospberic Gas Analyzer 
(TAGA), whicb is operated by the U.S. 
EPNERT, is capable of real-time detection 
of preselected organic compounds at low 
paru-per-billion concenttations. The 
instrument bas been successfully used by the 
U.S. EPAIERT for isolating individual 
emission plwnes and ttacking those plumes 
back to their sources. 
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APPENDIXB 

Air Sampling Equipment and Media/Devices 

AIR SAMPLING EQUIPMENT 

• High-Volume, Total Suspended Particulate 
{TSP) Samplers 

High-volume TSP samplers collect all 
suspended particles by draw log air across an 
8- by 10-inch glass-quartz fil~. The sample 

rate is adjusted to 40 cubic feet per minute 

(CFM), or I 134 liters per minute (L/min), 

aod it is held constant by a flow contrOller 

over the sample period, The mass ofTSPs 

can be detamined by weighing the filter 
befon: and after sampling. The composition 

of the filter varies according to the analytical 

method and the detection limit ~quired. 

PM-10 Samplers 

PM-I 0 samplers collect particulates with a 

diameter of I 0 microns or less· from ambient 

air. Particulates of this size represent the 

respinlble fraction, and thus are of special 

significance. PM-10 samplers can be high
volume or law-volwne, The high-volume 

sampler operates in the same manner as the 

TSP sampler at a constant flow rate of 40 

CFM; it draws the sample lhrough a special 

impactor bead which collects paniculates of 

10 microns or less. The particulate is 

collecled on an 8- by H)-inch f'llter. The low

volume sampler operates at a rate of 

approximately .17 Umin. The flow must 

reulain constant lhrough the impactor head lO 

maintain the I O-micron cut-off poinl The 

low-volume PM-10_ collectS the sample an 

37-nun Teflon fflter.s. 

High-Volume PS-I Samplers 

High-volwne P5-l s3mplers draw a sample 

through · polyw-ethane foam (PUF} or a 

combination foam and XAD-2 resin plug, 

and a glass quartz ftlter at a rate of 5-10 
CFM (144 to 282 L'min). This system is 

• 
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excellent for measuring low roncencratioos 
of semivolatiles. PCBs, pesticides, or 
chlorinated dioxins in ambient air. 

Area Sampling Pumps 

These pumps provide flow-rate ·Jllllges of 
2-20 L/min and have a telescopic sampling 

mast wilh the sampli.Dg train. Because of lhe 
higher volume, this pump is suitabie for 
sampling low concentrations of airborne 

contaminants (i.e., asbeS10s sampling). 

These pumps are also used for metals, 

pesticides and P AH sampling which require 
large sample volumes. · 

Personal Samplitlg Pumps 

Personal sampling pumps are reliable 

ponable sampling devices that draw ail" 

samples through a number of sampling media 
including resin tubes, impingen, and fitters. 

Flow rates are usually adjustable from 0.1 to 

4 L'min (or 0.01 to .75 Umin with a 

restrictive orifice) and can renlain constant 

for up to 8 hours on one battery cbarge or 

continuously with an AC chargerlconvener. 

Canister Samplers 

Evacualed canister sampling systems use the 

pressure differential between the evacuated 

canister and ambient pressure to bleed air 
[ll(o the canister. The sample is bled into the 

canister at a constant n.te over the sampling 

period using a critical orifice, a mechanically 

compensated regulator, or a mass flow 

control 
device until the canister is near aunospheric 

pressure. 

Pressure canister sampling systems use a 

pump to push air into the canister. To 

maintain a higher, more controlled flow, the 

pump typically controls the pressure 

differential across a critical orifice at the 
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inlet of the canister, resulting in a pressurized 
canister at the completion of sampling. 

AIR SAMPLING MEDIA/DEVICES 

If possible, before employing a specific sampling 
method. consult the laboratory that will conduct tbe 
analyses. Many of the methods can be modified to 
provide better results or a wider ~angc ofresuh.s. 

• 

• 

summa• Canisters 

summa canisters are highly polished 
passivated stainless steel cylinders. The 
Summa polishing process brings chrome and 
nickel to the surface of the canisters, which' 
results in an inert surface. This surface 
restricts adsolption or reactions that occur on 
the canister's inner surface after collection. 
At the site, the canister is either placed in a 
sampler to conlrol sample collection rate. or 
opened to collect a grab sample. Samples 
can be colltc:ted by aUowing air lo bleed into 
or be pumped into the canister. t:.S. 
EPAIERT uses 6-liter Swnma canisters for 
VOC and permanent gas analysis. 

Passive Dosimeters 

Passive dosimeters are clip-on vapor 
monitors (samplers) In which the diffused 
contaminants arc absorbed on specially 
prepared active surfaces. Industtial 
hygienists commonly usc dosimeters to 
obtain time-weighted averages or 
concentrations of chemical vapors, as they 
can trap over !30 organic compoUDds. 
Selective dosimeters have also been 
developed fOr a number of- chemicals 
including formaldehyde, ethylene oxide, 
hydrogen sulfide, mercury vapor, nitrogen 
dioxide, sulfur dioJUde, and ozone. 
Dosimeters must be sent to a laboratory for 
analysis. 

Polyurethane Foam (PUF) 

PUF is a sorbent used with a glass filter for 
the collection of scmivolatile organic 
compouods such as pesticides, PCBS. 
chlorinated diolf.ins and furans, and P AHs. 
Fewer artifacts (chemical changes that occur 
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to collected compounds) are produ~ed than 
with some other solid sorbenu. PL'F is used 
wilh the PS-I sampler and U.S. EPA Method 
TOl3. PUF can also be used Wilh personal 
sampling pumps when sampling for PAHs 
using the lewis/McCloud melhod. 
Breakthrough of the more volatile PCBs a:nd 
PAHs may occur when using PUF. 

Sampling Bags (TedlarA) 

Sampling bas:s,likc caniS1cts1 transport-~ir 
samples to the laboratory for aoalysu. 
Sampks are genenlly pumped intO the bags, 
but sometimes a lung sySICm is- used, in 
which a pwnp creates a vacuum aro~d the 
bag in a vacuwn box. ThcD the sample flows 
from a solll'Ce into the bag. This method is 
used for VOCs. tilted gases (COJ, OJ, and NJ 
and methane. 

lmpingers 

An. iropinger allows an air sample to be 
bubbled through a solution, wbicb-colle<:ts a 
specific contaminant by either chemical 
reaction or absorption. For long sampling 
periods. the impi.nger may need to be kept in 
an ice bath to prevent the solution from 
evaporating during sampling. The sample is 
drawn through the impinger by utlng a 
sampling pump or more elaborate sampling 
trains with multiple implngers. 

Sorbent Tubes/Cartridges 

A variety of sampling media arc available in 
sorbcnt tubes, which arc used primarily (or 
industrial hygiene. A few examples arc 
carbon canrids:es, carbon molecular sieves, 
Tenax tubes and tube containing the XAD·2 
polymer. Depending upon the sorbcnt 
material, tubes can be analyzed using either 
a solvent extraction or thennal desorption. 
The former technique uses standard 
laboratory equipment and allows for multiple 
analyses of the same sample. Tbc latter 
technique requires special. but readily 
available, Jabora~ry equipment and allows 
only one analysis per sample. In addition. 
thennal desorption typically allows for lower 
detection limits by two or more orders of 
magnitude. Whenever sorbcnt tubes are 



being used for thennal desorption, they 
should be cm.ified as "clean" by the 
laboratory doing the analysis. 

Thenually Desorbed Media 

During tbennal desorption, high-temperature gas 
sltcams are used to remove the compounds collected 
on a sorbent medium. The gas stream is injected and 
often.cryofocuSed_ into an analytical instrument, such 
as a GC, for compound analysis: 

• Tenax Tubes 

Tenax tubes are made from commercially 
available polymer (p-phenylene ox..ide) 
packed in glass or stainless steel tubes 
through which air samples are drawn or 
sometimes pumped. These tubes are used in 
U.S. EPA Melbod TOJ and YOST for 
volatile nonpolar organic, some polar 
organic: and some of the more ..,olatilc 
sem.i ... olatile organics. Tcnax is not 
appropriate for many of the highly volatile 
organics (with ..,apor pressure greater than 
approx..iniately 200 mm Hg). 

• Carbonized Polymers 

• 

The catl:ionized mol~cular sieve (CMS), a 
carbonized polymer, is a conunercially 
available. carbon sorbcot packed in saainless
steel sampling tubes through which air 
samples arc dnwn or sometimes pumped. 
These an: used in U.S. EPA Method T02 for 
highly volatile nonpolar compounds which 
have low-breakUu'ough volumes on other 
sorbents. When high-thermal desorption 
temperatwes are used with CMS, more 
variability in analysis may occur than witb 

. other sorbents. 

Mix.ed Sorbent Tubes 

Sorbent tubes can contain two type of 
sorbcDts. Combining the ad ... antages of each 
sorbent into one tube increases the possible 
types of compounds to be sampled. Tbe 
combination of two sorbents can also reduce 
the chance that highly volatile compounds 
will break through the sorbent media All 
eXample of a mixed sorbent rube is the 
combination of Tenax. and charcoal with a 
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carbonized molecular sieve. A potential 
problem with mi:ooed sorbent tubes is the 
b~through of a compound from an earlier 
sorbeot to a later sorbent fi"om which it 
cannot be desorbcd. 

Solvent-Extracted Media 

Solvent~xtracted media use the principle of chemical 
e~~.uaction to remove corepounds collected on a 
sorbent media. The chemical solvent is injected into 
an instrument, s~h as a GC, for analysis of 
compounds. Examples of solvent-extracted media 
follow: 

Chemically Treated Silica Gel 

Silica gel is a sorbent which can be treated 
with ..,arious chemicals. The chemically 
tzeated silica gel can then be used to sample 
for spedfic compounds in air. Examples 
iDclude the D~H-coated silica gel ca.midge 
used with U.S. EPA Method TOIL 

• XAD-2 Polymers 

• 

XAD-2 polymers usually are placed in tubes, 
custom-packed sandwich-style with 
po\ylfttbane foam, and prepared for use with 
U.S. EPA Method T013 or the se.rni-VOST 
method. The polymers are used for the 
collection of semivolatile polar and nonpolar 
organic compounds. The compounds 
collected on the XAD-2 polymer are 
chemically e~tracted for analysis. 

Charcoal Cartridges 

Charcoal cartridges, consisting of primary 
·and backup sections, trap compounds by 
adsorption. Ambient air is drawn through 
them so that the backup section verifies thai 
breakthrougb of the analytes on the first 
section did not occur, and the sample 
collection was therefore quantitative. 
Quantitative sample collection is evident by 
the presence of target chemicals on the fltSt 
charcoal section and the absence on the 
second section. Next, the adsorbed 
compounds must be eluted, usually with a 
solvente~~.traction, and analyzed by GC with 
a detector, such as a Mass Spectrometer 
(MS). 
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Tenax Tubes 

Cartridges are used in OSHA and ~IOSH 
methods in a manner similar to charcoal 
cartTidges but typically for Jess volatile 
compounds. 

Particulate Filters 

Particulate filters are used by having a sampling pump 
pass air through them. ne fllter coUects the 
particulateS present in the air and is then analyzed for 
particulate mass or chemical or radiological 
composition. Particulate filters are made from 
different materials which are described below. 

• 

Mixed Cellulose Ester (MCE) 

MCE is manufactured from mixed esters of 
cellulose which are a blend of nitto-<:cllulosc 
and cellulose acetate, MCE falters ace used 
often for particulate sampling. 

Glass Fiber 

Glass fiber is IIWiufsctured from glass fibers 
without a binder. Particulate filters with 
glass fiber provide high flow rates, wet 
sttength, and bigh, solid holding capacity. 
Genera11y, the fillerS arc: used for gravimetric 
analysis of paniculates. 
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Polyvinyl Chloride 

Particulate filters wilh polyvinyl_chtoridc ale 
resistant to concentrated acids aftd alkalis. 
Their low moisture pickup and .ljgbt tare 
weight make them ideal for gnvilnetric 
analysis. 

Teflon 

Teflon is manufactured from 
polytettafluorethylene (PTFE). Particulate 
fillers with Teflon are easy ·to handle and 
el(eep'lionally dunble. Teflon filten ue used 
for metal collection. 

Silver 

Particulate filters manufactwed from pure 
silver have high collection efficiency and 
wtif01TP pore si:ze. These filters are used for 
mercwy collection and analysis. 

Cellulose 

Particulate filters with cellulose cOntain less 
than 0.01% ash. These filters art used' to 
collect particulates. 
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Appendix F 

Surface Soil Sampling 
(COM Federal SOP 1·3, ReVISIOn 4) 
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S1gna #nate II. / 
y 

1.0 OBJECTIVE 

The objective of this standard operating procedure (SOP) is to define the techniques and the 
requirements for collecting surface soil samples. 

2.0 BACKGROUND 

Surface soils are generally defined as the soils extending from ground surface to approximB.tely I foot 
below ground surface (bgs). Surface soil samples are frequently collected from 0 to 6 inches bgs. The 
techniques and protocol described herein may be used to collect other surface media, including 
sediment and sludge. 

2.1 Definitions 

Surface Soil - The soil that exists down from the surface approximately one foot _(30 cen~imeter.>). 
Depending on application, the soil interval to be sampled wHI vary. 

Grab Sample • A discrete portion or aliquot taken from a specific location at a given point in rime. 

Composite- Two or more s~b-samples taken from a specific media and site at a specific point in time. 
The sub-samples are collected and mixed, then a single average sample is taken from the mixture. 

Spoon/Scoop - A small stainless steel or Teflon® utensil approximately 6 inches in length with a 
stem-like handle. 

Trowel -A smali stainless steel or Teflon® shovel approximately 6 to 8 inches in length with a slight 
(approximately 140°) curve across. The trowel has a stem·like handle (for band operation). Samples 

. are collected with a spooning action. 

2.2 Discussion 

Surface soil samples are collected to determine the type(s) and level(s) of contamination and are often 
important to risk assessment. These samples may be collected as part of an investigative plan, site
specific sampling plan, and/or as a screen for ''hot spots," which may require more extensive 
sampling. 

CDM f.edmtl'ropaluCorponlcion Tec:hni.(al Standard OpcratinJ Procedures 
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Sediment(s) and sludge(s) that have been exposed by evaporation, stream rerouting, or any other 
means are collected by the same methods as those for surface soil(s). Typically, the top 1 to 2 
centimeters (em) of material, including vegetation, are carefully removed before collection of lhe 
sample. 

Surface soil and exposed sediment or sludge are collected using stainless steel and/or Teflon®-lined 
trowels or scoops. 

2.3 Associated Procedures 

• COM Federal SOP 1~2, Sample Custody 
• COM Federal SOP 2-l, Packaging and Shipping of Environmental Samples 
• COM Federal SOP 4~1. Field Logbook Content and Control 
• CDM Federnl SOP 4-5, Field Equipment Decontamination at Non-radioactive Sites 

3.0 RESPONSIBILITIES 

Site Manager - The site manager is responsible for eosuring that sampling efforts are conducted in 
accordance with ·~s procedure and any other SOPs pertaining to specific media sampling. 

Field Team Leader - The field team leader is responsible for ensuring that field personnel collect 
surface soil samples in accordance with this and other relevant procedures. 

4.0 REQUIRED EQUIPMENT 

• Insulated cooler and waterproof sealing tape 
• Ice bags or "blue ice" 
• Latex or appropriate gloves 
• Plastic zip-top bags 
• Personal protective clothing aod equipment 
• Stainless steel and/or Teflon®-lined spatulas and pans, trays, or bowls 
• Stainless steel and/or Teflon®-lined trowels or spoons (or equipment as specified in the site-

specific plans) 
• Plastic sheeting 
• Project plans (work plan/health and safety plan) 
• Appropriate sample containers 
• Field logbook 
• Indelible ink pen and/or marker 
• Sample chain-of-custody fonns 
• Custody seals 
• Decontamination supplies 

. 
COM Fai.:13IP:oto->CotJ:<>13rion Technical Standard Operating Procedures 
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Additional equipment is discussed in Section 5.2.2, VOC Field Sampling/Preservation Methods. 

5.0 PROCEDt.;"RES 

5.1 Preparation 

The following steps must be followed when preparing for sample collection: 

I. Don the appropriate personal protective clothing as dictated by the site·specific health and 
safety Plan. · 

2. Locate sampling location(s) in accordance with project documents (e.g., work plan) and 
document pertinent infonnation in the appropriate field logbook. 

3. Processes for verifying depth of sampling must be specified in the site-specific plans. 

4. Place cJean plastic sheeting on a flat, level surface near the sampling area, if possible, and 
place equipment to be used on the plastic; place the insulated cooler(s) on separate plastic 
sheeting. Cover aU equ.ipment and supplies with clean plastic sheeting when not in use. 

5. A clean, decontaminated trowel, scoop, or spoon will be used for each sample collected. 
Other equipment may be used (e.g .• shovels) if constructed of stainless steel. 

5.2 Collection 

The following general steps must be followed when collecting surface soil samples: 

I. Surface soil samples are nonnally collected from the least contaminated to the most
contaminated areas. 

2. Document the sampling events, recording the infonnation in the designated field logbook. 
Document any and all deviations from SOPs in the field logbook and include rationale for 
changes. See CDM Federal SOP 4-1. 

3. Carefully remove stones, vegetation, snow, etc. from the ground surface in the immediate 
vicinity of the sampling location. 

4. First coUect required sample aliquot for volatile analyses as well as any other samples that 
would be degraded by aeration. Follow with collection of samples for other analyses. 

S. Decontaminate sampling equipment between locations. See COM Federal SOP 4-5. 
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5.2.1 Method for Collecting Samples for Volatile Organic Compound (VOC) AnalYsis 

The requirements for collecting grab samples of surface soil for VOCs or other sample~ d.egraded by 
aeration are as follows: 

1. VOC samples shall be collected with the least disturbance possible. 

2. VOC samples shall be collected as grab samples; however. the method of collectiOn will vary 
from site to site, based on data quality objectives and the degree of knoWn .0~· suspected 
contamination. 

3. Complete sample label by filling in the appropriate information and securing the label to ·the 
container. Cover the sample label with a piece of clear !ape. 

4. Use a clean stainless steel or Teflon®·lined trowel or spoon (or tube) to collect sufficient 
material in one grab to fill the· sample containers. 

5. With the aid of a clean stainless steel spatula, quickly fill the sample containers directly from 
the sampling device, removing stones, twigs, grass, etc., from the sample. Fill the containers 
as full and compact as possible to minimize headspace. 

6. Inunediately secure the Teflon®-Jined cap(s) on tbe sample container(s). 

7. Wipe the containers with a clean Kimwipe or paper towel to remove any residual soil from the 
exterior of the container. 

8. Place the containers in individual zip-top plastic bag(s) and seal the bag(s). 

9. Pack all samples as required. Include properly completed documentation. and affix signed and 
dated custody seals to the cooler lid. 

~OTE: A trip blank should be included with sample coolers containing VOC samples. QA sample 
requirements vary from project to project. Consult the project-specific work plan for requirements. 

5.2.2 Field Sampling!Presenration Methods 

The following four sections contain SW 846 methods for sampling and field preservation. These 
methods include EN CQREnt Sampler Method for low-level detection limits, EN CQR£TM Sampler 
Method for high leveVdetection limits/screening, acid preservation, and methanol preservation. These 
methods are very detailed and contain equipment requirements at the beginning of each section. 

NOTE: Some variations from these methods may be required depending on the contracted analytical 
laboratory, such as sample volume. 
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5.2.2.1 EN CO RET" SAMPLER COLLECTION FOR LOW LEVEL A.'I/ALYSES ~II: Gil< G) 

EN CO RET~ Sampling Equipment Requirements 

The following equipment is required for low-level analysis: 

• Three 5-g samplers 

NOTE: The sample volume requirements are general requirements. Actual sample volumes, sizes, 
and quantities may vary depending on client or laboratory requirements. 

• One 4-ounce widemouth glass jar or applicable container for moisture analysis 
• One T -handle 
• Paper towels 

EN CORET!'I'I Sampling Steps for Low Level Analysts 

1. Remove sampler and cap from package and attach T-handle to sampler body. 

2. Quickly push the sampler into a freshly exposed surface of soil until the 0-ring is visible 
within the hole on the side of the T-handle.lfthe 0-ring is not visible within this window, 
then the sampler is oot full. 

3. Extract the sampler and wipe the sampler head with a paper towel so that the cap can be 
tightly attached. 

4. Push cap on with a twisting motion to secure to the sampler body. 

5. Rotate the sampler stem counterclockwise until stem locks in place to retain sample within the 
sampler body. 

6. Fill out sample label and attach to sampler. 

7. Repeat procedure for the other two samplers. 

8. Collect moisrure sample in 4-ounce widemouth jar using a clean stainless steel spoon or 
trowel. 

9. Store samplers at 4° Celsius. Samples must be shipped and delivered to the analytical 
laboratory for extraction within 48 hours. 

NOTE: Verify state requirements for extraction/holding times. 
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5.2.2.2 ACID PRESERVATION SA.c'\IPLING FOR LOW LEVEL ANALYSES (:9 IJG/KG) 

Acid Preservation Sampling Eguinrnent Requirements 

The following equipment and supplies are required if field acid preservation is required: 

• One 40mL VOA vial with acid preservation (for field testing of soil pH) 
• Two pre. weighed 40mL VOA vials with acid preservative and stir bar (for lab analysis) 
• Two pre-weighed 40mL VOA vials with water and stir bar (in case samples cannot be pre

preserved) 
• One pre-weighed jar that contains methanol or a pre-weighed empty jar accompanied with a 

pre-weighed vial that contains methanol (for screening sample and/or high level analysis) 
• One 4-oz widemouth glass jar or applicable container for moisture analysis 
• One 2-otjar with acid preservative (in case additional acid is needed due to high soil pH) 
• One appropriately sized scoop capable of delivering Ig of solid sodium bisulfate 
• pH paper , 
• Weighing scale capable of reading to O.Olg , 
• Set of balance weights used in daily balance calibration 
• Gloves foT working with pre-weighed sample vials 
• Paper tow~ls 
• Sodium bisulfate acid 0-JaHS04) 

• A cutoff plastic syringe or other coring device capable of collecting sufficient sample volume 
(5g) 

Testiog Effervesdn2 Capacitv of Soils 

Soils must be tested with acid to determine the amount of effervescing that will occur when preserved 
with acid. Effervescing will drive off VOCs as well as create a· high pressure in a sealed vial that 
could result in the explosion of the sample contalner. The following steps provide infonnarion on the 
effervescing capacity of the soil. 

1. Place approximately 5g of soil into a vial that contains acid preservative and no stir bar. 

2. Do not cap this vial as it may EXPLODE upon interaction with the soil. 

3. Observe the sample for gas fonnation (due to carbonates in the soil). 

4. If vigorous or sustajned gas emissions are observed, then acid preservation is not acceptable to 
preserve the sample. 

• In this case the samples need to be collected in the VOA vials with only water and a 
stir bar. The vials with acid preservative CANNOT be used. 
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5. If a small amount or no gas formation occurs, then acid preservation is acceptable to preserve 
the sample. Keep this testing vial for use in the buffering test detailed below. 

• In this case the samples nee"d to be collected in the VOA vials with the acid 
preservative and a stir bar. 

Testing Buffering Capacitv of Soils 

The soils must be tested to determine the quantity of acid that is required to achieve a pH reading of 
~ 2 standard units (STUs). The following steps will assist in detennining this quantity. 

1. If acid 'preservation is acceptable for sampling soils, then the sample vial that was used to test 
the effervescing capacity of the soils can be used to test the buffering capacity. 

2. Cap the vial that contains 5g of soil, acid preservative, and no stir bar from Step I in the 
effervescing test. 

3. Shake the vial gently to homogenize the contents. 

4. Open the, vial and check the pH of the acid solution with pH paper. 

• If the pH paper reads below 2, then the sampling can be done in the two pre·we_ighed 
40mL VOA vials with the acid preservative and stir bar. Since the pH was below 2, it is 
not necessary to add additional acid to the vials. 

• If the pH paper reads above 2, then additional acid needs to be added to the sample vial. 

5. Use the jar with the solid sodium bisulfate acid and add another lg of acid to the sample. 

6. Cap the vial and shake thoroughly again. 

7. Repeat Step 4. 

• If the pH paper reads below 2, then the sampling can be done in the two pre-weighed 
40mL VOA vials with the acid preservative and stir bar and one extra gram of acid. 

• Make a note of the extra gram of acid needed so the same amount of acid can be added to 
the vials the lab will analyze. 

• If the pH paper reads above 2, repeat Steps 5 through 7 until the sample pH ~2 STUs. 

Now that the soil chemistry has been determined, the actual sampling can occur. The procedure stated 
below assumes the correct vials are used based on the guidance discussed. 

Technical Standard Operaring Procedures 
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Sample Preservation Steps 

I. Wear gloves during all handling of pre-weighed vials. 

2. Add more acid if necessary (based on the buffering capacity testing discussed in the previous 
section). · · 

3. Quickly collect a 5g sample using a cut off plastic syringe or other coring device- designed to 
deliver 5g of soil from a freshly exposed surface of soil. 

4. Carefully wipe exterior of sample collection device with a clean paper towel. 

5. Quickly transfer the sample to the appropriate VOA vial, use caution when extruding the 
sample to prevent splashing of the acid in the vial. 

6. Remove any soil from the threads of the sample vial using a clean paper towel. 

7. Cap vial and weigh the jar to the nearest O.Olg. 

8. Record exact weight on sample label. 

9. Repeat sampling procedure for the duplicate VOA vial. 

10. Weigh the vial containing methanol preservative in it to the nearest O.Oig. If the weight of the 
vial with methanol varies by more than O.Olg from the original weight recorded on the vial, 
discard the vial. If the weight is within tolerance, it can be used for soil preservation below. 

11. Take the empty jar or the jar that contains the methanol preservative. 

12. Quickly collect a 25g or Sg sample using a cut off plastic syringe or other coring device 
designed to deliver 25g or Sg of soil from a freshly exposed swface of soil. The 25g or Sg size 
is dependent on who is doing the sampling and requirements specified by the analytical 
laboratory. 

· 13. Carefully wipe the exterior of the collection device with a clean paper towel. 

14. Quickly transfer the soil tO 8.n empty jar or a jar that contains 'methanol. If extruding into a jar 
that contains methanol, be careful not to splash the methanol outside of the vial. 

15. If the jar used to collect the soil plug was empty before· the soil was added, immediately 
preserve with the methanol provided, using only one vial of methanol preservative per sample 
jar. 

. 
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16. Remove any soil from the threads of the sample vial using a clean paper towel and cap the jar. 

17. Weigh tbe jar with sample to the nearest 0.01 g and record the weight on the sample label. 

18. Collect dry weight sample using a clean stainless steel spoon or trowel. 

19. Store samples at 4° Celsius. 

20. Ship sample containers to the analytical laboratory with plenty of ice in accordance with 
Department of Transponation (DOT) regulations (CORROSIVE. FLA.\1.\1ABLE LIQUID. 
POISON). 

5.2.2.3 EN CORE"' SAMPLER COLLECTION FOR HIGH LEVEL ANALYSES (>200 
t:GIKG) 

EN CORED• Sampling Eguioment Requirements 

The following equipment is required for high-level analysis. 

• One 25-g sampler or one 5-g sampler 

NOTE: The volume requirements specified are general requirements. Actual sample volwnes, 
container sizes, and quantities may vary depending on client or laboratory requirements. 

• One 4-oz widemouth glass jar of applicable container specified for moisture analysis 
• One T -handle 
• Paper towels 

EN CORETM Sampling Steps for High Level Analysis 

I. Remove sample and cap from package and attach T -handle to sampler body. 

2. Quickly push the sampler into freshly exposed surface of soil until the 0-ring is visible within 
the bole/window on the side of the T -handle. If the 0-ring is not visible within the 
window/hole, then the sampler is not full. 

3. Use a clean paper towel to quickly wipe the sampler head so that the cap can be tightly 
attached. 

4. Push cap on with a twisting motion to secure to the sampler body. 

S. Fill out sample label and attach to sampler. 

Technical Standard Operating Procedures 
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6. Rotate sampler stem counterclockwise until the stemJocks iri place to retain the sample within 
the sampler body. 

7. Collect moisture sample in 4-oz widemouth glass jar or designated container using a clean 
stainless steel spoon or trowel. 

8. Store samplers at 4° Celsius. Samples must be shipped and delivered to· the analytical 
laboratory for extracrion within 48 hours. 

NOTE: Verify state requirements for extraction/holding times. 

5.2.2.4 METHA-'IOL PRESERVATION SA-'IPLJI"G FOR HIGH LEVEL ANALYSES (>200 
UG/KG) 

!\1ethanol Preservation Sampling Equipment Requirements 

• One pre-weighed jar that contains methanol or a pre-weighed empty jar accompanied with 
a pre-weighed vial that contains methanol (laboratory grade) 

• One dry weigbt cup 
• Weighing balance that accurately weighs to O.Olg 
• Set of balance weights used in daily balance calibration 
• Latex gloves 
• Paper towels 
• Cutoff plastic syringe or other coring device to deliver Sg or 25g of soil 

Sarno ling Preservation Steps 

1. Wear gloves during all handling of pre·weighed vials. 

2. Weigh the vial containing methanol preservative iD it to the nearest O.Olg. lftbe weight of the 
vial with methanol varies by more than O.Olg from the original weight recorded on the vial, 
discard the vial. If the weight is within tolerance, it can be used for soil preservation/ 
collection below. 

3. Take the empty jar or the jar that contains the methanol preservative. 

4. Quickly collect a 25g or 5g sample using a cut off plastic syringe or other coring device 
designed to deliver 25g or Sg of soil from a freshly exposed surface of soil. 

5. Carefully wipe the exterior of the collection device with a clean paper towel. 
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6. Quick.Jy transfer the soil to an empty jar or ajar that contains methanol. If extruCting intq a jar 
that contains methanol, be careful not to splash the methanol outside of the vial. Again. the 
type of jar used is dependent on who is doing the laboratory analysis. 

7. If the jar used to collect the soil plug was empty before the soil was added, immediately 
preserve with the methanol provided, using only one vial of methanol preserva\ive.per sample 
jar. 

8. Remove any soil from the exterior ofili.e vial using a clean paper towel and cap the·sample jar. 

9. Weigh the jar with the soil in it to the nearest O.O.lg and record the weight on the sample la~el. 

10. Collect dry weight sample using a clean stainless steel spoon or trowel. 

11. Store samples at 4° Celsius. 

12. Ship sample containers with plenty of ice to the analytical laboratory in accordance with DOT 
regulations (CORROSIVE. FLA.Wv!ABLE LIQUID. POlSON). 

5.2.3 Method for Collecting Samples for Nonvolatile Organic or Inorganic Compound 
Analysis 

The requirements for collecting samples of surface soil for nonvolatile organic or inorganic analyses 
are as follows: 

I. Label each sample container with the appropriate infonnation. Secure the label by covering it 
with a piece of clear tape. 

2. Use a decontaminated stainless steel or Teflon®-lined trowel or spoon to obtain sufficient 
sample from the required interval and sub-samplfug points, if necessary, to fill the! specified 
sample containers. 

3. Empty the contents of each fill of the sampling device directly into a clean stainless steel or 
Teflon®-lined tray or bowl. 

4. Homogenize the sample by mixing with a spoon, spatula, or trowel. 

5. t:se the spoon, spatula, or trowel to distribute the uniform mixture into the labeled sample 
containers. Fill organic sample containers first, then inorganics. 

6. Secure the appropriate cap on each container inunediately after filling it. 

7. Wipe the sample containers with a clean K.irnwipe or paper towel to remove any residual soil. 
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8. Place sample containers in individual zip-top plastic bags and seal the bags. 

9. Pack all samples as required. Include properly completed docwnentation, and afftX custody 
seals to the cooler lid. 

10. Decontaminate sampliilg equipment according to COM Federal SOP 4-5. 

6.0 RESTRICTIONS/LIMITATIONS 

When grab sampling for VOC analysis or for analysis of any other cornpound(s) that may be degraded 
by aeration, it is necessa.J)' to minimize sample disturbance and. hence, analyze loss. The 
representativeneSs of this sample is difficult to determine because the collected sample represents a 
single point. is not homogenized, and has been disturbed. 

. 

7.0 REFERENCES 

U.S: Department of Energy, Hazardous Waste Remedial Actions Program, Quality Control 
Requirements For. Field Methods, DOEJHWP-69/RI, July 1990 or current revision. 

U.S. Department of Energy, Hazardous Waste Remedial Actions Program, Standard Operating 
Procedures For Site Characterizations, DOEIHWP-1001R2, September 1996 or current revision. 

U.S. Envirorunental Protection Agency, A Compendium of Supeifund Field Operations Methods, 
EPA/540/P-87/001, December 1987 or current revision. 

U.S. Environmental Protection Agency, Test Methods for Evaluating Solid Waste, PhysicaVChemical 
Methods (SW-846), Third Edition, November 1986, (as amended ~y Update Ill, June 1997). Method 
5035: Closed-System Purge-and-Trap and Extraction for Volatile Organics in Soil and Waste 
Samples. 
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1.0 OBJECilVE 
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The objective of this standard operating procedure (SOP) is to se1 COM Federal criteria for content 
enrry and fonn of field logbooks. Field logbooks are an essential tool to document field activities for 
historical and legal purposes. · 

2.0 BACKGROUND 

2.1 Definitioos 

Biota - The flora and fauna of a region. 

Magnetic Declination Corrections - Compass adjustments to correct for the angle between. magnetic 
north and geographical meridians. 

2.2 Discussion 

Information recorded in field logbooks includes field team names, observations, data, calculations, 
date/time, weather, and description of the data collection activity, methods, instruments, and results. 
Additionally, the logbook may contain deviations from plans and descriptions of wastes, biota, 
geologic material, and site features including sketches, maps, or drawings as appropriate. 

3.0 RESPONSWILITIES 

Field Team Leader (FTI..)- The FTL is responsible for ensuring that the format and content of data 
entries are in accordance with this procedure. 

Site Personnel - All COM Federal employees who make entries in field logbooks during onsite 
activities are required to read this procedure prior to engaging in this activity. The F1L will assign 
field logbooks to site personnel who will be responsible for their care and maintenance. Site personnel 
will return field logbooks to the records file at the end of the assignment. 

Technical Standard Operating Procedures 
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4.0 REQUIRED EQUIPMENT 

• Site-specific plans 
• Field ootebook 
• Indelible black or blue ink pen 
• Ruler or similar scale 

5.0 PROCEDI.JRES 

5.1 Preparation 

SOP 4-1 
Revision: 4 
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Page 2 of5 

In addition to this SOP, site personnel responsible for maintaining logbooks must be familiar with all 
procedures applicable to the field activity being performed. These procedures should be consulted as 
necessary to obtain specific infonnation about equipmeot and supplies, health and safety, sample 
collection, packaging, decontamination, and documentation. These procedures should be located at 
the freld office. 

Field logbooks shall be bound with lined, consecutively numbered pages. AU pages must be 
numbered prior· to initial use of the logbook. Prior to use in the field, each logbook will be marked 
with a specific document control nwnber issued by the document control admiWstrator, if required by 
the contr.act qualiry implementation plan (QIP). Not aU contracts require document control numbers. 
The following information shall be recorded on the cover of the logbook: 

• Field logbook document control number. 
• Activity(ifthe logbook is to be activity·specific) and location. 
• Name of CDM Federal contact and phone munber(s). 
• Stan date. 
• In specific cases, special logbooks may be requi{ed (e.g., waterproof paper for storm 

water monitoring). 

The first few (approximately five) pages of the logbook will be reserved for a table of contents (TOC). 
Mark the first page with the heading and enter the follow:iiJg: 

TABLE OF CONTENTS 

Date/Description Page 

(Stlut Date)!Reserved for TOC 1-5 

The remaining pages of the table ofconients will be designated as such with "TOC" written on the top 
center of each page. 
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5.2 Operation 

SOP 4-1 
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The following is a list of requirements that must be followed when using a logbook: 

• Record work. observations, quantities of materials, calculations, drawings, and related 
information directly in the logbook. If data coUection forms are specified by an activity
specific plan. this infonnatlon need not be duplicated in the logbook. However, any fonns 
used to record site infonnation must be referenced in the logbook. 

• Do not start a new page until the previous one is full or has been marked with a single 
diagonal line so that additional entries cannot be made. t:se both sides of each page. 

• Do not erase or blot out any entry at any time. Indicate any deletion by a single line through 
the material to be deleted. Initial and date each deletion. Take care to not obliterate what was 
'WTinen previously. 

• Do not remove any pages from the book. 

Specific requirements for field logboOk entries include: 

• Initial and date each page. 
• Sign and date the fmal page of entries for each day. 
• Initial and date all changes. 
• Multiple authors must sign out the logbook by inserting the following: 

Above notes authored by: 
• (Sign name) 
·(Print name) 
-(Date) 

• A new author must sign and print his/her name before additional entries are made. 
• Draw a diagonal line through the remainder of the fmal page at the end of the day. 
• Record the following infonnation on a daily basis: 

Date and time 
Name of individual making entry 
Names of field team and other persons on site 
Description of activity being conducted including station or location (i.e .• well. boring. 
sampling location number) if appropriate 
Weather conditions (i.e .• temperature, cloud cover, precipitation, wind direction, and 
speed) and other pertinent data 
Level ofpe~onal protection to be used 
Serial numbers of instruments 
Required calibration information 
Serialftracking numbers on documentation (e.g., carrier air bills) 

Te(:hnical Standard Oper.uiQg Pr«edUJes 
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Entries into the field logbook shall be preceded with the time (written in military Units) of the 
observation. The time should be recorded frequently and at the point of events or measurements that 
are critical to the activity being logged. All measurements made and samples collected must be 
recorded unless they are documented by automatic methods (e.g., data logger) or on a separate form 
required by an operating procedure. In these cases, the logbook must reference the automatic data 
record or form. 

At each station where a sample is collected or an observation or measurement made; a detailed 
description of the location of the station is required. Use a compass (include a reference to magnetic 
declinarion corrections). scale, or nearby survey markers, as appropriate. A sketch of statiOn Jocation 
may be warranted. All maps or sketches made in the logbook should have descriptions of the features 
shown and a direction indicator. It is preferred that maps and sketches be oriented so that north is 
toward the top of the page. Maps, sketches, figures, or data that will not fit on a logbook page should 
be referenced and attached to the logbook to prevent separation. 

Other events and observations that should be recorded include: 

• Changes in weather that impact field activities. 
• Deviations from procedures outlined in any governing documents. AJso record the reason for 

any noted deviation. 
• Problems, downtime, or delays. 
• Upgrade or doY.11grade of personal protection equipment. 

5.3 Post-Operation 

To guard against loss of data due to damage or disappearance of logbooks, completed pages shall be 
periodically photocopied (weekly, at a minimum) and forwarded to the Held or project office. Other 
field records shaU be photocopied and submitted regularly and as promptly as possible to the office. 
When possible, electronic media such as disks and tapes should be copied and fonvarded to the 
project office. 

At the conclusion of each activity or phase of site work, the individual responsible for the logbook 
will ensure that all entries have been appropriately signed and dated, and that corrections were made 
properly (single lines drawn through incorrect information, then initialed and dated). The completed 
logbook shall be submitted to the records file. 
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FIELD LOGBOOK CONTENT A\'D CONTROL 

. 

6.0 RESlRICTIONS/UMITATIONS 

. 

SOP 4'1 

Revision:· 4 
Date: June 20, 2001 
PageS of5 

Field logbooks constitute the official record of onsite technical work, investigations, and data 
collection activities. Their use, control, and ownership are restricted to activities pertaining to specific 
field operations canied out by COM Federal personnel and their subcontrnctors. They·· are doc\llllents 
that may be used in court to indicate dates, personnel. procedures, and techniques erilployed during 
site activities. Entries made in these notebooks should be factual, clear, precise, and non-subjective. 
Field logbooks, and entries within, are not to be utilized for personal use. 

1.0 REFERENCES 

Sandia National Laboratories, Procedure for Preparing. Sampling and Analysis Plan, Site-Specific 
Sampling Plan, ahd Field Operating Procedures; QA-02-03, Albuquerque Environmental Program 
Department 3220, Albuquerque, New Mexico, 1991. 

Sandia National Laboratories, Division 7723, Field Operation Procedure for Field Logbook. Content 
and Control, Environmental Restoration Department, Albuquerque, New Mexico, 1992. 
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I / 

Prepared: .Qavid Q, Johnson Technic~ vi w: J ./. • .// / / 

..c/1 I vi .1 "?~ QA Review: !2oug Undike Approved: !'/' ~ 'fl i' ~ 
Issued: ~~JA~tl-<4~ ,. /t'l.f.t I; / gnoture/ll,... I 

' ignacute!Date 

1.0 OBJECTIVE v . 

Due to t.'le evidentiary nature of samples collected during environmental investigations, possession m!lSt be 
b'aCeable from the time the samples are collected Wltil their derived data are introduced as evidence in legal 
proceedings. To maintain and document sample possession, sample custody procedlU'eS are follo.wed. All 
papelWork associated with the sample custody procedures will be retained in COM F~deral Programs 
Corporation -(COM Federal) files unless the client requests that it be transferred to them for use in legal 
proceedings or at the completion of the contract 

Note: Sample custody documentation requirements vary with·the specific EPA region or client This' SOP is 
intended to present basic sample custody requirements, along with common options. 'specific sample 
custody requirements should be presented in the project-specific quality assurance (QA) project plan or 
project-specific modification or clarification form (See Section U-1). 

2.0 BACKGROUND 

2.1 Definitious 

Sample- A sample is material to be analyzed that is contained in single or multiple containers representing 
a wrique sample identification nwnber. 

Sample Custod)-- A sample is under custody if: 

I. It is in your possession. 
2. It is in your view, after being in your possession. 
3. It was in your possession and you locked it up. 
4. It is in a designated secure area. 

Cbain"f-Custody Record- A chain-of-custody record is a fonn used to document the transfer of custody of 
samples from one individual to another. 

o,stody Seal - A custody seal is a tape-like seal that is part of the chain-of-custody process and is used to 
detect tampering with samples after they have been packed for shipping. 

CDM FcdenlP.....,Cotpon.~Min Technical Slalldard Opera1ing Procedures 
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Sample I abel ~ A sample label is an adhesive label placed on sample containers to designate a sample 
identification number and other sampling information. 

Sample Tag -A sample tag is attached with string to a sample container to designate a sample identification 
number and other sampling infonnation. Tags may be Used when it is difficult to physically place adhesive 
labels on the container (e.g., in the case of small air samPling tubes). 

3.0 RESPONSIBILITIES 

Sampler- The sampler is personally responsible for the care and custody of the samples collected until they 
are properly transferred or dispatched. 

Field Team Leader (FTL)- The FTL is responsible for ensuring that strict cham-of-custody procedures are 
maintained during an sampling events. The FTL is also responsible for Coordinating with the subcontractor 
laboratory to ensure that adequate iitfonnation is recorded on custody records. The FTL determines whether 
proper custody procedures were followed during the fieldwork and decides if additional samples are 
required. '· 

Field Sample. Custodian - The field sample custodian, when designa1ed by the FTL, is responsible for 
accepting custody of samples from the sampler(s) and properly packing and shipping the samples to the 
laboratory assigned to do the analyses. A field sample custodian is typically designated only for large and 
complex field efforts. 

4.0 REQL1RED Sl'PPLIES 

• Chain-of-custody records (applicable client or CDM Federal forms) 
• Custody seals 
• Sample labels or tags 
• Cleartape 

5.0 PROCEDURES 

S.l Ch.ain-of-Custody Record 

. This procedure establishes a method for maintaining custody of samples through use of a chain-of-custody 
record This procedure will be followed for all samples collected or split samples accepted. 

CDM ~I~ C><porarian Technical Sllltldafd Operving Procedures 
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SAMPLE CUSTODY 

Fjeld Custody 

. 
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1. Collect onJy the nwnber of samples needed to represent the media being sampled. To the extent 
possible, detennine the quantity and types of samples and sample locations prior to the actual 
fieldwork. As few people as possible should handle samples. 

2. Complete sample labels or tags for each sample, using waterproof ink. 

Transfer of Custody and Shipment 

l. Complete a chain-of.-custody record for a]) samples (see figure I for an example of a chain-of
custody record. Similar forms may be used when requested by the cliem). When transfening the 
possession of samples, the inctividuals relinquishing and receiving will sign, date, and note the time 
on the record. This record documents sample custody transfer• from the sampler, often through 
another penon, to the sample custodian in the appropriate· laborato,ry. 

• The date/time will be the same for both signatures when custody is transferred directly to another 
person. When samples are shipped via common carrier (e.g., Federal Express), the date/time 
will not be the same for both signatures. Common carriers are not required to sign the chain-of
custody record. 

• In all cases, it must be readily apparent that the per.;on who received custody is the same person 
who relinquished custody to the next custoclian. 

• If samples are left unattended or a person refuses to sign, this must be documented and explained 
on the chain-of-custody record 

NOTE: If a field sample custodian has been designated, he/she may initiate the chain-of-custody record, sign 
and date as the relinquisber. The individual sampler(s) must sign in the appropriate block, but does (do) not 
need to sign and date as a rdinquisher (refer to Figure 1 ). 

2. Package samples properly for shipment and dispatch to the appropriate laboratory for analysis. Each 
shipment must be accompanied with a separate chain-of-custody record. 

3. Include a chain-of-custody record identifying i~ content in aH shipmen~ (refer to Figure 1). The 
original record will accompany the shipment, and the copies will be retained by the FTL and, if 
applicable, distributed to the appropriate sample coordinators. Freight bills will also be retained by 
the FTL as pan of the pennanent docwnentation. 

. 

CDM fedr.ali'<Of'IIN ~·~on Technical Sundani Operating Procedures 



SOP 1-2 

SAMPLE CUSTODY Revision: 3 
Date October 12, 200 I 
Page4 of9 

Figure 1 
EXA.i\<IPLE CDM Federal Chain.of~ustody Record 

COM 12S M•:.W. La.r>t. Sill Floor CHAIN OF CUSTODY fedm1lProgmmsCorporation N- Vorl<: NY 10(1.38 
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NOTE: If requested by the client, different chain-of -.custody records may be used. Copies of the template for 
this record may be obtained from the Fairfax Graphics Department. 

. 
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Procedure for Completing CDM Federal Example Chain-of-Custody Record (Refer to Figw-e.·l.). 

The following procedure is to be used to fill out the CDM Federal chaill-of-custody record. The record is 
provided herein as an example chain-of-custody record. If another type of custody record (i.e., provided by 
the EPA contract laboratory program or a subcontract laboratory) is used to track the custody.of Samples, the 
custody record should be filled out in its entirety. · 

1. Record project number. 

2. Record F11.. for the project (if a field sample custodian has been designated, also record this name in 
the "Remarks" box). 

3. Record the name and address of the laboratory to which samples are being shipped. 

4. Enter the project name/location or Code number. 

5. Record overiDght courier's airbill number. 

6. Record sample location number. 

7. Record sample nwnber. 

8. Note preservatives type and reference nwnber. 

9. Note media type (matrix) and reference number. 

I 0. Note sample type. 

ll. Enter date of sample collection. 

12. Enter time of sample collection in military time. 

13. When required by lbe client, enter the names or initials of lbe samplers next to the sample location 
number of the sample they coUe<:ted. · 

14. List parameters for analysis and the number of containers submitted for each analysis. 

15. Enter MS/MSD (matrix spike/matrix spike duplicate) if sample is for laOOratocy quality conttol or 
other remarks (e.g. sample depth). 

16. Sign the cbain~f-cusrody record(s) i.e the space provided. A1J samplers must sign each record 

17. If sample tags are used, record the sample tag nwnber in the "Remarks" colunm. 

18. Record date shipped. 

19. The originator checks infonnation entered in rtems 1 through 16 and then signs the top left 
"Relinquished by" box, prints hiSiber name, and enters the cunent date and time (military). 

T echoical Slandald Open11ing Procedures 
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20. Send the top two copies (usually white and yellpw) with the samples to the laboratory; retain the 
third copy (usually pink) for the project files. Retain additional copies for the project file or 
distribute as required to the appropriate sample coordinators. 

21. The laboratory sample custodian receiving the sample shipment checks the sample label 
infonnation against the chain-of-custody record. Sample condition is checked and anything 
unusual is noted under "Remarks" on the chain-of-custody record. The laboratory custodian 
receiving custody signs in the adjacent "Received by" box and keeps the copy. The white copy 

_is renuned to COM Federal. 

5.2 Sample Labels and Tags 

Unless the client directs otherwise, sample labels or tags will be used for all samples collected or accepted 
for COM Federal projects. 

I. Complete one label or tag with the infonnation required by the 'client for each sample container 
collected. A typical label or tag would be completed as follows (see Figure 2 for example of sample 
tag; labels are completed with the equivalent information): 

• Record the project code (i.e., project or task number). 
• Enter the station number (sample number) if applicable. 
• Record the date to indicate the month, day, and year of sample collection. 
• Enter the time (militazy) of sample collection. 
• Place a check to indicate composite or grab sample. 
• Record the station (sample) location. 
•. Sign in the space provided. 
• Place a check next to "yes·~ or "no" to indicate if a preservative was added. 
• Place_ a check under "Analyses" next to dle parameters for which the sample is lO be 

analyzed. If the desired analysis is not listed, write it in the empty slot Note; Do not write 
in the box for ''laboratory sample number." 

• Place or write additional relevant infonnation under "Remarks". 

2. Place adhesive labels directly on the sample containers. Place clear tape over the label to protect 
from moisture. 

3. Securely attach sample tags to the sample bottle. On 80 oz. amber bottles, the tag string may be 
looped through the ring style handle and tied. On all other containers, it is recommended that the 
string be looped around the neck of the bottle, then twisted and re·looped aroWld the neck until the 
slack in the string is removed. 
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I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

SOP 1-2 
SAMPLE CUSTODY Revision: 3 

Date October 12,2001 
Page 7 of9 

Figure2 
EXAMPLE Sample Tag 
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NOTE: Equivalent sample labels or tags may be used. 
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Custody seals must be placed on the shipping containers (e.g., picnic cooler) prior to shipment. The seal 
should be signed and dated by a field team member. 

Custody seals may also be placed on individual sample bottles. Check wirn. the cliem or refer to EPA 
regional guidelines for direction. 

5.4 SampJe Shipping 

The COM Federal standard operating procedure listed below defmes the requirements for packaging and 
shipping environmental samples. 

• COM Federal SOP 2-1, Packaging and Shipping of Environmental Samples 

6.0 RESTRICTIO~SILIMITATIONS 

Cbeck with the EPA region or client for specific guidelines. If no spe(:ific guidelines are identified, this 
procedure should be followed. 

For EPA Contract Laboratory Program (CLP) sampling events, combined chain-of-custody/traffic report 
forms or other EPA-specific records may be used. Refer to regional guidelines for completing these forms. 

The EPA FOR\1S D Ltent software may be used to customize sample labels and custody records when 
directed by the client or the COM Federal project manager. 

Technical SWldard Ope111ticg Procedu~s 
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U.S. Environmental Protection Agency, EPA Guidance for Quality Assurance Project Plans, EPA QA/G-5, 
EPA/600/R-981018, February 1998, Section B3. 

U.S. Environmental Protection Agency, Notional Enforcement brvestigations Center, Multi-Media 
Jnvestigorion Manual, EPA-330/9-89.()03-R., Revised March 1992, p.85. 

U.S. Environmental Protection Agency, Contract Laboratory Program (CLP), Guidance for Field 
Samplers, EPA-540-R-00.003, Draft Fina~ J\Ule 200 I, Section 3.2. 

U.S. Environmental Protection Agency,FOR.~S II Lite7M UserS Guide, .March2001 

U.S. Environmental Protection Agency, Region IV, Environmental Jnyestigations Standard Operating 
Procedures and Quality Assurance Marmo/, May 1996, Section 3:3. 

U.S. Anny Corps· of Engineers, Requirements for the Preparation of Sampling and Analysis Plan, EM 200-
1-3, February 2001, Appendix F. 

' 
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Project-Specifrc Guidance 
Completion of Field Sample Data Sheets 

Project-Specific Guidance 
Completion of Field Sample Data Sheets (FSDS) 

Project: Libby Asbestos Project- Response Action 

Project No.: :2><603""'-0"2"'4 ______ _ 

Document No.: CDM-LIBBY-03 Revision 2 

Prepared by: Terry Crowell Date: 11/17/03 

Approved by:::--:--:-;-;------------:::--:-------
Project Manager Date 

Technical Reviewer Date 

QA Reviewer Date 

EPA Approval Date 

A field sample data sheet (FSDS) must be completed using the following guidance. 

Definitions: 

eLASTIC - Electronic Ubby Asbestos Sample Tracking Information Center. The onsite 
Libby property and sample tracking database maintained by COM. 

Owner- (As it appears in eLASTiq. Person who owns a residential property (may or 
may not be the current occupant), or the person who owns a commercial property. 

Sample Coordinator- person responsible for the custody of all field paper work a·nd 
samples col1ected. 

Field Sample Data Sheet- All Media 
Sheet No.: Pre-assigned unique sequential sheet number. Completed by sample 
coordinator. 

CDM 1 



Project-Specific Guidance 
Completion of Field Sample Data -?heels 

Field LogbOok No.: The logbook number being used to record information specific to 
the samples on the FSDS. 

Page No.: Page number in logbook on which information regarding the samples On the 
FSDS is recorded. 

Samp1ing Date: Date samples are collected, in the form DD/MM/YY. 

Address: (As it appears in eLASTIC). The address of the property being sampled. 
Addresses are to be entered in the following fo:rmat: 

Street number- Direction -Street Na:m€:- Street Abbreviation 

Where: 
Street number= the number of the stre~t address 
Direction= the abbreviation of the street direction (N., S., E., or W.), when 

applicable. Periods are to be used after the street direction abbreviation. 
This rule does not apply to dir~tions that follow the street name, such as 
Highway 37 North or Highway ,2 West or South. 

Street name = correct spelling of the street name 
Street abbreviation= when applicable 

Examples: 

Examples: 

Road- Rd 
Avenue- Ave 
Extension- Ext 
Street- St 
Circle- Cr 
Place- PI 
Boulevard - Blvd 

510 N. Mineral Ave 
607 E. Cedar St Ext 
521 Pipe Creek Rd 
2800 Highway 37 North 
300 Highway 2 South 

Business Name: (As it appears in eLASTIC). If a business is located on the property, 
record the name. If a business is not located on the property, record NA. 

Owner: (As it appears in eLASTIC). Name of the property owner (not necessarily the 
current occupant). 

Land Use: Description of land use on which property is located. 

Sampling Team: Company affiliation of sampling team. 

CDM 
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Project-SpecifiC Guidance 
CCmp/etion of Field Sample Data Sheets 

Names: Full name of all members of the sampling team. 

Index 10: Sample identification (ID) number. Index ID numbers for the respo~se action 
samples are in the form 2R-#####. A set of available numbers is assigned to each . 
sampling team by the sample coordinator. 

Location ID: Unique identification number assigned to each sample location Wit:J:t a 
unique global positioning system (GPS) coordinate. A set of avai1able numbers is 
assigned to each sampling team by the sample coordinator. For soil samples, location 
identifications (IDs) are in the form SP-######. For personal or stationary (in~lu~irig 
dearance) air monitoring samples, location IDs are in the form of AD-###### or _BD-
######are assigned to each sampling team by the sample coordinator, where: · 

AD-###### is a unique number assigned to an address or work area. 
BD-###### is a unique number assigned to a building or struch.lre 

In the case of lot blanks, AD-000001 is used for the location ID. In the case of field 
blanks, the AD number of the property where the cassette is opened is used. In the case 
of exposure monitoring or any other task where sampling is conducted at multiple 
properties, MA-000001 is used. Location IDs are tracked in the eLASTIC database, 
which should be used for reference whenever possible.· 

Sample Group: The sample group for response action samples must be one of the 
following options: 

Alley Driveway Garden Road 
Attic Exposure Monitoring House Shed 
Barn Field Mine Stockpile 
Borrow Source Flower Pots Park Vehicle 
Basement Fiowerbed Parking Lot Walkway 
Blank Former Flowerbed Play Area Yard 
Building Fonner Garden Property 
CrawlSpace Garage Pump house 

Location Description: Description of the location where a sample was collected. 
Examples are: back yard, side yard, driveway, etc. for soil samples; basement, ground 
floor, second floor, etc. for air samples. If a soil sample is composed of sub-samples 
collected from more than one location, circle aU that apply. 

Category: FS =field sample; FB =field blank; LB =lot blank. Circle the applicable 
response. 

<Dill 
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Project SpecifiC Guiclance 
Completion of Field Sample Data Sheets 

The fol1owing sections provide instructions for recording media-specific information. 

Field Sample Data Sheet- Soil 
Matrix Type: Soil confirmation samples will usually be either surface or subsurface 
samples. If a sample collected is not a surface or subsurface sample, complete the 
"other" line using an applicable descriptor, such as mining waste, subsurface soil, fill, 
etc. 

Type: Indicate the type of sample collected, grab or composite. If the sample is a 
composite sample, provide the number of sub-samples collected. 

Time: The time of sample collection, in military time. 

Top Depth: Top depth of sample, in inches below the ground surface. 

Bottom Depth: Bottom depth of sample, in inches below the ground surface. 

Field Comments: Any additional information specific to a sample, such as 
presence/ absence of visible vermiculite. 

QC (Field Team): Initials of field team member that completes the quality control check 
ofFSDS. 

Entered (LFO): Initials of sample coordination team member that enters the applicable 
FSDS inforri).ation into eLASTIC 

Entered: Completed by Volpe personnel at time of data entry. 

Validated: Completed by Volpe personnel at time of data entry check. 

Field Sample Data Sheet- Stationary Air 
Matrix Type: Circle whether the air sample was collected indoors or outdoors. 

Filter Diameter: Circle the applicable filter diameter. For response action air sampling, 
cassettes with a 25-millimeter filter diameter will be used. 

Pore Size: Circle the applicable pore size. For response action air sampling, phase 
contrast microscopy (PCM) cassettes with a 0.8-micron pore size filter will be used. 

F1ow Meter Type: Circle the applicable flow meter used. 

Pump ID Number: Record the identification number of the pump used to collect the 
air sample. 

Flow Meter ID Number: Record the identification number of the tlow meter used to 
collect the air sample. 

CDM • 
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Project Specific Guidance 
Completion of Field Sample Data Sheets 

Start and Stop Date: Record the date sampling occurred in the format DD-MM-YY. 

Start Time: Record the starting time of each air sample aliqu'ot, in military time. 

Start Flow: Record the starting pump flow rate for the air sample colleted in Liters per 
minute (L/min). 

Stop Time: Record the stopping time of each air sample aliquot, in military time. 

Stop Flow: Record the stopping pump flow rate for the air sample coileted in Liters per 
minute (L/min). 

Pump Fault: If the pump faulted during air sample coilection, circle Yes. If the pump 
did not fault during sample collection, circle No. 

MET Station onsite: Circle the applicable response, Yes, No, or Not Applicable (NA). 
For all blanks (lot or field), circle NA. 

Sample Type: Circle the applicable response. For the response action stationary air 
sampling, select one of the following: 

Clear - first clearance ·sampling event 
2nd ~lear - second clearance sampling event 
3rd Clear - third clearance sampling event 
NA -used for all blanks 

Cassette Lot Number: For lot blanks, the number identifying the lot the cassettes came 
from in the manufacturing process. 

Field Sample Data Sheet- Personal Air 
Person Sampled: First and last name of worker being monitored. 

SSN: The Iast4 digits of the Social Security Number of the worker being monitored. 

Task: A brief description of the task being performed by the worker being monitored. 
Some examples are: vermiculite-containing insulation (VCI) removal, laborer, detail 
cleaning. 

Matrix Type: Circle whether the air sample was collected indoors or outdoors. 

Filter Diameter: Circle the applicable filter diameter. For response action air sampling, 
cassettes with a 25-miiiimeter filter diameter will be used. 

Pore Size: Cirde the applicable pore size. For response action air sampling, phase 
contrast microscopy (PCM) cassettes with a 0.8-micron pore size filter will be used. 
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Project SpecifiC Guidance 
Completion of Field Sample Data Sheets 

A ow Meter Type: Circle the applicable flow meter used. 

Pump ID Number: Record the identification number of the pump used to coUect the air 
sample. 

Flow Meter ID Number: Record the identification number of the flow meter used to 
collect the air sample. 

Start and Stop Date: Record the date sampling occurred in the format DD-MI\1-YY. 

Start Time: Record the starting time of each air sample aliquot, in military time. 

Start Flow: Record the starting pump flow rate for the air sample colleted in Liters per 
minute (L/min). 

Stop Time: Record the stopping time of each air sample aliquot, in military tinie. 

Stop Flow: Record the stopping pump flow rate for the air sample colleted in Liters per 
minute (Lfmin). 

Pump Fault: If the pump faulted during sample coilection, circle Yes. If the pump did 
not fault during sample collection, circle No. 

MET Station onsite: Circle the applicable response, Yes, No, or Not Applicable (NA). 
For all blanks (lot or field), circle NA. 

Sample Type: Circle the applicable response. For the response action personal air 
sampling, select one of the following: 

TWA- a time~ weighted average sample, collected over an 8-hour period or used 
in conjunction with one or more other personal air samples to constitute 
monitoring over an average work day 

EXC- an excursion sample, coliected over a 30~minute period (time may be 
approximate) 

NA- used for all blanks 

Cassette Lot Number: For lot blanks, the number identifying the lot the cassettes came 
from in the manufacturing process. 
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AppendiX J 
Stte-Spectftc Standard Operatmg Procedure 

for Sot/ Sample Collectton 
(COM Federal Document CDM·llbby 05, Rev1s1on 1) 
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Site.Specifie Standard Operadng Procedure Cor 
. SoD Sample Collectiou. 

SOP No: CCM-Ll!!BX:!S '&yi:;jgp 1 

P:CI)ed: :Yill2lt A!bostpt Jtmp•~ial lnv1711$ation- eqo~pt!u!!l!t$men!PJSN4)' 
ICSS.ltRiiiN!cllal fnv!G!sttim am 
PJojoetNumber. 1282·137 

l)ee A. Wamon.l!ooYIII<m l 
Ploject Sclattist 

, ApJ>'O"''dby: ~ ~. 

~ <?9tPr •& 
.. 

• 

Section1 
Purpose 

.. 

4/3/11l 
Date 

*Date 
,s\,lrR 

The pqrpcoe of dlis Slandud opc<Oiillg pzoCedme (SOP) II II> JUOvldi: a standardizod 
.rnetllod lor ooudaee soll~~mplidg II> be UN<! by l!lllployee5 of EPA IIepa WI 
.-.{aul>c:~BI>pp<>rt&'IJ El'A Ilof;io>n VIII CSS Bni!:Riacttvtlleoiordle 
Libby Albestoo P>oj«t In I.Miy. Mcntarla. Thll SOP o:la!aiboo duo ~.azul 
operatio>nl Wild lox 118111pllng. 5Udac:e solllln Je5l.cl.enilld ltW, whidl willl>e 
lllhmitl2d fr>r lito analysis c4. Libby amphlbcleo. The EPA Region WI .......m.J 
p..;.<-1 IDIIiiAg<l', cr ~ eoordlnamr must approve 1111HpeciBc ~lieN 6.= 
tho ptec:eo:lures outlWo:l in du. clocamont pziA:>r 1Dln1tlallan « the ~C~pling ICI:Ivity, 
'l'.IIIISOP ptoV!des !he ploiOCI>Jslor owqiQOibl ....tace-ecllOODJplills• 

Section% 
RespOltsibilities 
s..a:..stul ~-of die ..,..piing ami ..Wyola plaft (SAP) Nq1limo a dear 
ldazmdty ol.usigroed rolu wilh o:IIHo!rerlt- ol ~ llS&OCialod wilh oda 
zoic. 

1 

IOlEPA INFO CENTER 
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ProJ~Sp-.¥tllnrlllfi~-
SoiiiSutplo Clllleclfan 

The C$/JU talk leads ia respoNibtt fM ovennl>lg IN C$/al residontld t•u:face 
solliiiDipJins ectivlfles. The CSS/JU lUI< leader l.s also~ fot chEddnlf all 
work pod<mned o.rui verifylns that tile work satlsSH the lpOcific lllllcs O'lllUNid by 

!his SOP and lha SAl'. Itis the noponolblllty of tile C::S/lU !Uklcader II) 

·~with the s.Jdpenmuoel apec:i&: ~ objactiveollld SJdld.pate 
a!toalionl that riCJII!re my cleviodCII ~!he SAP.It lo olio !he~ of lbe 
CSS/lU tukluderto~IBtht.-1/m any dev!atiansfrmn the Wwith 
tile IIJIPlOIIIIate EPA Region VIII periCIIIM! (rc>edbl pmjeaiii8DIIpr or """scene 
COQnllnator). 

l'ield perSOtllllll i>cdc44m~t; soli~ are :reopons!I>Je for adlwring to lhc 
• opplkallle tub ...,tllnad In tld:s p>OCIIc!IU2 wbile caiJec!lng OIIU!ple> at r~ Tile 

. lWei p8l80MOII ~ luove );..mod dlscretUm with reprc!110 oollecll<m plt>O<dureo 
IN.t oMulcl &lCefdoe ja<lpvont npr<llns lluo·-ct location of the """"Ple ~ within 
tbe ~ cn>tllned by ltla CSS/lU lllsk leoc!er, 

Section3 
Equipm~t ·· 
• &1!.\M. Cl'!l!!alr!er. Tile IIU!p~ c:on1IIIZioo ..m ccnslst of~ llp-Wp plalldc 

bop (2 per Ample). . . 

• Inzm!·l'o: colle:t!ng sutfaeuolJounplcl. 

• hJb plan!:o[ -Par colleclfrls surto.:e saii.IIIJl\plee. 

• !i!m's!- For collect!rtssmfac• ..Oao:mplos. 

• S!ejp!e sb:el m¥nrMwJ • Vsed to~ aru111£1znogenize """J'<l'illo ooll......,Ja 
oflet collec:tian. . -·r 

I Cilcm• -Par personal p10III<t!cln ""d to prevtnt~ of sample> 
May be plalldc or Ja=c. Plaposol>lt,. po~le& 

• FWd clp!hjn5 "lld 'J?!!!l!!l!!ol ml!!!:!!ye IIQEi;mrnt tnm ·As ___ ,, ... · "'- ..___,.._ 
II1IC! aa!ety plan (HASP). •........- lll ... e ·~ 

• Fjslcl sFa:mz .. Fon ~IUllnatlng !IO.IId.lspooable ••mplizlg equtpu.ent betoor
samplao will be unci . . . 

• ~ @lll'l! ·l'or Bdd eqoipment bJanlr; qvalliy (ODirQ) (QC] umplee. 

• WW ~ Olopoalblt..paper. 11ae!'l to clean liWI clecontimw.te 58mplmg·oqu!~ · 

• Fif:ld logboo!i; ..utied to raeord progress of sampling effort aru1 record arry ~ 
and .tleld obocmlllonl. 

• 
,..,~.-..flllll&_.....,, .. ··,·=• c.ID' .... w._..a... ·~r....,_-.-..a 
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SB 39\ld 

1 !'t!for?;nanonfkld Fgrms flPll • U!ed to-mf~..,.}ru propertydnll,. 

locotir:ln of ampiribole caniDinl:n&lkm.- eotimaled ~liiMI· . 

0 mw !io'PII!o 'D!!ta Sh!le!; a:stlS)- Uoed 10 zecol<l.ooils""'J'le Wolm•dm. 

o P.um!!!il!lSJM*'"!!psn· Uoedtollbol.mplecQOIIalnm. 

1 ln4F< m &Jsm- Uoed to labo!-=Pie <Gftllllrels. 

o P!yt!cbqc!scti-.UMIIIG Willi~ Aelr:leopipmcnl betweensanples. 
. 

o T!MI! ba,g· U~ tD dlspMe p..es m4 wiP':"• 

o Qae)e ·Used ID-oamp!U 'W'IIile in !lie .lle14. 

o Qmjp ofep.to4y Recgr4 • Por -=brJ c:aoll:>df of Mmplel....ul oldpplrlg. 

o &N!P!Ytr'B- 'tor .....,..;,g,custody af _,.. durillg s'hippbr&. . . 

Sectlon4 · 
. Sampling Pattern 
Eodl propezlf will be~led Into laad """ -.uiozsampllna~· Voe 
- ""'1 incblde brlt-be llmltod"" . 

·• Yord(pwr-) 

• 1AMJcllpe41ZU 

• Gmden 

• Flll-
• 

• Driveway 

Plopctlaowith P"1 ..... P"""' 1:ban!o!lacreln olza will be -oll
leJ""'818m:ID.t<R Ina~ o=ncy fn~llan. Secticlnin&: l"opctlieo

additiOIIal-will be et tho dlsa.-of lira <DM 611d-'-4or blu Cl:1lllla1ant 

....a..g t1ur -. "''bbo' .. gr8g&an wll1 be oc~lllhl4"" !!rat a .II~ 
'-'\l'l!'aolle oample wiD~ doe Mtt1D11. A fi.n-patnt ~ """'Ple will be 

callododiar land .....,lnltban ouqual !D 1/8 ofm ..,.., · 

·. 
Up to ave compooim soil sampl<i will be c:ollocled at each J>t01N0<17. ('<>mp<lllte, 

-ling~ ocQa:rllocolan~~plo (~) poinl& Ci>alpcolll; 

lllllllplcs wll1 be callectK frOD\ .mrttu land ......... (i.&, ;yo:4, ptdal. oiDckJIIIId 
sell,. etc). Adcllti<IMl a>mposlle or pab :oomplu-:r be a>lkclttl deplnlentapgn 

ltte-.lilioas (i.t.·mulelpJe .bmd use.....,-, ole.). C'onVtJ.ody,IIDIIIIIAIIII 

....., ~ ~ wll1 be appJX:abJa Ottvfll)'ptopctt)l lftl ft:w= (-M 
1lwl two) w.ill be collacttcl. · · 

TR )~11M lOlEPA lNFO CENTER 1'1\GE:IDI R"'9" 
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lf WIWc:ullao;. oboerved in llu:p land use areas (dnveway Olld ,...do),""" oa:nploo 
lll<luJd be colleded fr01n eadt.OJeL Any othor land uae areao wbae ~ 
PJOWct is 'rioible will:aot be samp.IN. INflwl, the lcoatlon will be >:ecorded in the 
tleld losboOI< arul an the 11'1'. 

SectionS 
Sample Collec:tion 

·Dan t!ui apl"opdallll'PE as opedfied in the HASP. A NW p.m of pJutic &)aVeo 11111 110 
be womfor ...:h IIUitple C<lllecled. Sesrepte lalld use areas on the propcty .,. 
daaibed In !ieclian 4. Vloually iz1opoct each 11M uoe area 1M -rioual ~ 
pro<1w:t. To reda.., dust generat1an darlng ~ .,.. a spnyer 'W:IIh cldcnized 
wator 110 wvt each oample pC>lftl pziarm collection. .u .. ~· trowo1 !D cl>ec:k beJ>ealh the 
ow:faca sailiayor, but c!o 110t adwru:c"""" than 6 m. Jf vWhle veanio:Wite Is . 
oi>Berwd. fti:DJd :IMmnalion in the apptopriallllleld f=s omd c!o Dot collect a 
-.pie from tllatlaad ase oreo. U-.ioiblo vemol<;Qlita Is IIOtOboerVec!.p!oooed i.tlb 
eunple collectlcll\. 

Within each land- ...... •elect five ouboample k>atlans ~from each 
odllr. ~ fiw B\lbJII%XIple k>atioN will c:omprlle the~ oompcsite NJnple 
1m t!uitJand use -. AU =npooite JUboamp1os will Ol'lplale from tlut eeme land 
-...,.; Par OXI"'fle. do not D'lio<ouboampla fnnll pdenareu wi1fl~ 
!rem posey ........ 

Con lhe N'bsaqile lotatiom of~ )l:aveo, omd other veget>lllw mab!rlal tMt am 
be eaolly -.d by h.md. lJofrl,g the t.owel, exavatl! a h<>la in tile SOil 
appr<»:hnab>ly 2 in. in dlametm a:nd 1 in. '*P (6 In lot dlriw'be4 ..... , while l'li~d%~3 
the """''"tad matla'l.ol dhectly IN!d.lbe JZW<ing boo»L n.: sideo of the -.vab!d 
h<>la sbould lie close m v.:rtfcal"' avoid qmpllna lhat is biased in .favor of the uppor 
la)w ol ooiL Repeat CillO ilep for each ouboequent subsample lUiti1 the appropriAte 
mm>l>ar of~ subaomplu hu been ~allaclec!. 

~ 111o...,.ple '11Si%lgthe sampll!lg troML 0.... tho MD;~J>lela 
homa5C11%ec!.llll the z:ip-<op plullc bori.:> t/Snl.fWl (~b>ly 2llOO sr-ol· 
Af6x the sampleJndeoc ldenliS<stion (lD) sticksr "' the lrWde of the b!r and wtlll: tile 

• index lD .nwntoa- on the outside of ll1a bojs. Double bag 111a oampJ. ond. repeat the 
labollrl&.l'ftl<ltllllar the outer boa'· Deccntammate oqtdpznl:nt bet-.n COZZipOOitll 
""111l'les as desaibed In~ 8. 

Repeat S11!p! outlined above un!il all oa.npleo .&-em a property have been 
coJ!eeted. . 

• 
'FR-r:t5 .. 2a94 13lS1 TB.Y721l26'11100 
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Pro/oflf ~ s.n.iiirt ~ l'rocodiBo 

w .. mplo """"""" 

Soil ftckld.uplicate samples wlil be collected at a rate aft per 20 (5 pen:iord) C>f 

tt.. fidd. aamplell. Fiel<f dup&ate aampla will be ~as samples co

localitd in 111t 5Bm!l land uae area. The ~upllcate '!~rill be collected li:OD\ t1te 

--nuzn1ou ol Sllbsamples u tbe puent !alnple, but the subealnple locailaM 

c/. the duplicate aample Will be randomly locateri kl tl1e use am. Thae 

NDLpi• will be :Independently ~with sepuate sampli:ng .,..Wpmant. 

These sample. Wlll be used to detettnine the variability of .-pie IUUlts in a 

gtvm lat1d use are. n-aomp!u will not be used Ui~ Vlriabll!tyin 

Mmplinc techniques. 

ScctiO!l6 
Site Cleanup 
Spec:ifi<: lnotNclil:ll\ rogor41fts sile cleanup of inveolip~- (lDW) ill 

lnclucled.lrl COM soP :z,.:z. Guide to~ lnvttlipll-tlerlved. w....., Will\ 

l'ftDiliflcatlan. In~ rep*- soit plug with- sample ....tum.. The IIOil 

&Male! be placed l>acklnlo dlabol411<1d. -ped dowllJ!Sittly.IJMIIdy -.tach• 
pJaygr<NIIds ate"""'!' led.~ tho 11011 pl111 IIIMt~ •. 

Rmle "'-'· tho IVOII ofveptacfm--.4 d~Jri~~B '"""PU..,.ilrld ony -sea 

"""-lillY be dlspo6ed of an !he poand as opodB.od In !he SAP. 

Section? 

Record Keeping and Quality Control 

A Seld Jagbool< $mlld be main111ftd by cadi iltdmd.W or ...... 1!1,1;. ~ 

""";'Plea "desaibed.l!llhe SAP. The SAP will detailfPcdllc c:oadltiCirts (fJOP 4-l), 

whichrequ&e atllenliaa, but at amislilnum lho foUowtng izdoralallllnolxNid be 

~~ 

. 

• O..te 

• :nm. 

•T-membcrs 

• Wea!herCOllditiano 

• PPBWIOd 

• tccatiano of ony Mlllplolll<ld. ~ that could not be acqailed .. 
• Dosclptfallo of ar..y c!evia- to lilc SAP anc1 the -.far !he deriatfon 

O>mptet..lhe IFF ar..d.I'SCSior Hch 'fl<~Pf4Y/OC>p~ • 

Qualny ·~ !llllnpll:s ldll.izlcludo: 

5 

I 
I 

,_M -·-··-...:::DfiiPMaiDIIWIIJ ..... I._...__.....,.......,. ..... ..,~ 

IQ)fM INfO CEJITE!! 

Le 3fllld Sld~ ~~3 6892:68Llt9 
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a l'Jeld. 4uplitaleo 

• Equipmentl>lank•~ 

Debdlecl l:llfw-tlon an QC ~II! collection ....t frequerq 18 indlldec11n tho SAP. 

Section& 
Decontamination 
t.li-Unc oquipiNin!IZIIUI: be daconl:alnimml pda: "' ........ 8pod£!c Ins~ 
GIIIIUUJ>Ie~ ~tionuei:l!cludod In COM SOP '4 1leld 
~~ti<lnatN~S!Ios,wilhmo~i6cal!on. In~ 

the~ ID derm..P,..tull oqulpmontll oW&Ied below: 

~tlan~dmufo<llailla.mpliag~twW.Iollowtbae ... 

• ~oil&"""~ wtlhplaot!cbnloh 

a UM III water !'Ni •.plosti<:bruah IDWIIllb U<:h pteot afC<{U!pmornt 

a Re!Nwe- wate>" p.-nran the cquipmantby ~ 

• Use a papw toWel 11:> day I!IICh jliKe af tqUi_. 

• Wlap daed equi,pmltnt In ll1umlm1mioll 

ar.... w.ek .n IIOll.-pllng equlpaioncwill be cleani1lg 1lllina ~ Cll\d 01: 

. 
Spet'Wlpet, g~ov.,._ lltl4 PPS -be dllpo>Od ~ •two4 F"J'''ll? as.spodfledm the 
SAP. 

Sec:tion9 
Glossary 
~em!~ l'llm (MPJ-1he wrilllln ~ lhatspollo outi!lle ~t:lafl•d 
.oi!Hpe<i8< J>."'W1UieiiD De followad by tile~ ..... an41he 1idd pciOIIML 

S•m;!• Pblnt• tho actaallocatlon atwllid\lhe aampleis mba. ThediliiONI<m afa 
AIDpie point Is 211\.aac>a by lin. doep (611\.Iaz d!stw-bed ->· 
c~ Samp!iu ·A 101:nple propoznm w2!!dlllnUlllpJa """'E''e pa1n1o
cmnpl!m lojol!hlr 11M S1lbll1ittad"" ...w,w ... stngle ooznple. 

. 'f..atuiU:Apa•A oectionolp:topaty .. ppted by how dlepopcty ,.,..._ 
tllo oocttm. For~!c. prdenlaxldacaped ortM velndivldllalland uoeama. 
Clraosy areao (l.o.lawn) ue olio~ ID be a oeparalc land l:llt-. 

• 
--'=-~ 13•51 TEL.l721!264111!11 IO)EP~ INFO ce<n;R 
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AppendiX K 

Sampling and Analysis - Non-Mandatory 
(US Department of Labor, OSHA 29 CFR 1926 1101 AppendiX B) 

) 

' ' 



I ~amp11ng ana AnalysiS- Non-manoatory- l~Lt:l.IIUJ App tl 
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I 

U.S. Department of Labor 
Occupati~mal Safety Be Health Administration 

IText Only] 
Regulations (Standards- 29 CFR) 
Sampling and Analysis- Non-mandatory- 1926.1101 App B 
'($ Regulations (Standards - 29 CFRl -Table of Contents 

• Part Number: 
• Part Title: 
• Subpart: 
• Subpart Title~ 
• Standard Number: 

1926 
Safety and Health Regulations for Construction 
z 
Toxic and Hazardous Substances 
1926.1101 App B I • Title: Sampling and Analysis- Non-mandatory 

I 
I 
I 
I 

Mat.rix: 
051-'.A Pe=mis.si;,le Exposure Limi t.s: 

Time Weigh;;:ed Average ••••••.•••.•••••.•....••. 
Excu:::-sion Level (30 minutes) ••••..•.••.••••••. 

Collection Proced~re: 

0.1 fiber/cc 
1. 0 fiber/ fC 

A known volQrne of air is drawn through a 25-mm diameter ca.s.set~e 
containing a mixed-cellulose ester filter. The cassette must be 
equipped with an electrically conduc~ive 50-mm extension cow:. 
The sa~pling ti~e and rate are cr.osen to give a fibe: density of 
between 100 to 1,300 fibers/rnm2 on ~he filter. 

II Recommended Sampli~g Rate .•.••.•...........•••• 0.5 to 5.0 liters/ 
mi!'l.ute (L/:ninl 

1- R~~~~~~~-~~-~~~~~~: ............ •• · ....... 25 L 
Maximum...................................... 2, 400 L 

I 
I 

Analytical Procedure: 

A portion of the sample filter is cleared and prepared for asbestos fiber counting by Phase 
ContraSt Microscopy (PCM) at 400X. 

I. Codmrnd ercial man~facturedrs and prodbuctUs Sm
0
en
0

tLion
0

eSdHAin thiS.~ ~e1 thod ard e forfrdescriphtive use only 
an o not constitute en orsements y - urn ar pro ucts om ot er sources 
can be substituted. 

I' I. Introduction 

I 
_ hnp://www.osha .. ./owadisp.show _ document?p _ table=ST ANDARDS&p _id= 1 0864&p _text_ version=F ALS 

I 

Page I of 17 

t:• 

6/27/2003 



Sampling and Analysis- Non-mandatory- 1926.1101 App B 

This method describes the collection of airborne asbestos 6b~rs using calibrated sampling 
pumps with mixed-cellulose ester (M"CE) filters and analysis by phase contrast microscopy 
(PCM). Some tenns used are unique to this method and are defined below: Asbestos: A term 
for naturally occurring fibrous minerals. Asbestos includes chrysotile, crocidolite, amosite 
(cummingtonite-grunerite asbestos), tremolite asbestos, actirlolite asbestos, anthophyllite 
asbestos, and any of these minerals that have been chem..ical.Jy treated and/or altered. The 
precise chemical fonnulation of each species will vary with the location from which it was 
mined. >lominal compositions are listed: 

Chrysotile ...•••. , ••..•••• Mg(3)Si (2)C{5) (CH) (4:) 
Crocidolite •••.•••••••.•.. ~ai2)Fe(3) (2lTFe(2) (J)+S:.(8)0(22) (CF.) {2) 

'Amosite.............. •••.. !Mg,Fe) (7)Si(8)0(22) (OH) \2) 
Tremolite-actinclite •••... Ca(2l (Mg,~el (5JS.:.(Sfoi22J (O!i) (2) 
i.n:.hophyll.ite •••••.•.•••.. (Mg,=e) (7)Si(8)0{22) !OH) :21 

Asbestos Fiber: A tiber of asbestos which meets the criteria Spedfied below for a fiber. 

Aspect Ratio: The ratio of the length of a fiber to it's dianieter (e.g. 3:1, 5:1 aspect ratios). 

Cleavage Fragments: Mineral particles formed by comminutiOn of minerals, especiaJJy those 
characterized by parallel sides and a moderate aspect ratio (usually less than 20: 1). 

Detection Limit: The number of fibers necessary to be·95% certain that the result is greater 
than zero. 

Differential Counting; The tenn applied to the practice of excluding certain kinds of fibers 
from the fiber count because they do not appear to be asbestos. 

Fiber: A particle that is 5 um or longer, with a length-to-width ratio of3 to 1 or longer. 

Field: The area within the graticule circle that is superimposed on the microscope image. 

Set: The samples which are taken, submitted to the laboratory, analyzed, and for which, 
interim or final result reports are generated. 

Tremolite, Anthophyllite, and Actinolite: The non-asbestos form of these minerals which meet 
the definition of a fiber. It includes any of thtse minerals that have been chemically treated 
and/or altered. 

Walton-Beckett Graticule: An eyepiece graticule specifically designed for asbestos fiber 
counting. It consists of a circle with a projected diameter of 100 plus or minus 2 urn (area of 
about 0.00785 nun(2)) with a crosshair having tic-marks at 3-um intervals in one direction and 
S-um in the orthogonal direction. There are marks around the periphery of the circle to 
demonstrate the proper sizes and shapes of fibers. This desigx:t is reproduced in Figure l. The 
disk is plaCed in one of the microscope eyepieces so that the design is superimposed on the 
field of view. 

1.1. History 
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Early surveys to determine asbestos exposures were conducted using impinger counts oftota.J 
dust with the counts expressed as million particles per cubic foot. The British Asbestos 
Research Council recommended :filter membrane counting in 1969. In July 1969, the Bureau 
of Occupational Safety and Health published a filter membrane method for counting asbestos 
fibers in the United States. This method was refined by NIOSH and published asP & CA.\f 
239. On May 29, 1971, OSHA. specified filter membrane sampling with phase contrast 
counting for evaluation of asbestos exposures at work sites in the United States. The use of 
this technique was again required by OSHA in 1986. Phase contrast microscopy has continued 
to be the method of choice for the measurement of occupational exposure to asbestos. 

1.2. Principle 

Air is drawn through a MCE filter to capture airborne asbestos fibers. A wedge shaped 
portion of the filter is removed, placed on a glass microscope slide and made transparent. A 
measured area (field) is viewed by PCM. All the fibers meeting defined criteria for asbestos 
are counted and considered a measure of the airborne asbestos concentration. 

1.3. Advantages and Disadvantages 

There are four main advantages ofPCM over other methods: 

(1) The technique is specific for fibers. Phase contrast is a fiber counting technique which 
ex.cludes non-fibrous particles from the analysis. 

(2) The techJUque is inexpensive and does not require specialized knowledge to carry out the 
analysis for total fiber counts. 

I (3) The analysis is quick and can be perfonned on-site for rapid detennination of air 

I 
I 
I 
I 
I 
I 
I 

concentrations of asbestos fibers. 

(4} The technique has continuity with historical epidemiological studies so that estimates of 
expected disease can be inferred from long-tenn detenninations of asbestos exposures. 

The main disadvantage ofPCM is that it does not positively identify asbestos fibers. Other 
fibers which are not asbestos may be included in the count unless differential counting is 
perfonned. This requires a great deal of experience to adequately differentiate asbestos from 
non-asbestos fibers. Positive identification of asbestos must be perfonned by polarized light or 
electron microscopy techniques. A further disadvantage ofPCM is that the smaUest visible 
fibers are about 0.2 urn in diameter while the finest asbestos fibers may be as small as 0.02 urn 
in diameter. For some exposures. substantially more fibers may be present than are actually 
counted. 

1.4. Workplace Exposure 

Asbestos is used by the construction industry in such products as shingles, floor tiles, asbestos 
cement, roofing felts, insulation and acoustical products. Non-construction uses include 
brakes, clutch facings, paper, paints, plastics, and fabrics. One of the mOst signi1icant 
exposures in the workplace is the removal and encapsulation of asbestos in schools, public 
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buildings, and homes. Many workers have the potential to be exposed to asbestos during these 
operations. · 

About 95% of the asbestos in commercial use in the United States is chrysotile. Crocidolice 
and amosite make up most of the remainder. Anthophyllite and tremolite or actinolite are 
likely to be encountered as contaminants in various industrial products. 

1.5. Physical Properties 

Asbestos fiber possesses a high tensile strength along its axis, :is chemically inert, non
combustible, and heat resistant. It has a high electrical resistarlce and good sound absorbing 
properties. It can be weaved into cables, fabrics or other textiles, and also matted into 
asbestos papers, felts, or mats. 

2. Range and Detection Limit 

2.1. The ideal counting range on the filter is 100 to 1,300 fibers/nun(2). With a Walton
Beckett graticule this range is equivalent to 0.8 to 10 fibers/field. Vsing·NIOSH counting 
statistics, a count of0.8 fibers/field would give an approximate coefficient of variation (CV) 
of0.13. · 

2.2. The detection limit for this method is 4.0 fibers per 100 fields or 5.5 fibers/mm(2). This 
was determined using an equation to estimate the maximum CV possible at a specific 
concentration (95% confidence) and a Lower Control Li.mit of zero. The CV value was then 
used to determine a corresponding concentration from historical CV vs fiber relationships. As 
an example: 

Lower Contro: :imit (95~ Confidence) = AC -- 1.645(CV) (AC) 

Where: 

AC = Estimate of the airborne f~ber concentra~ion (fibers/cc} Set~ing the 
Lower Control Limit = 0 and solvlng f~r CV: 

0 = AC -- l.645iCV) (AC) 
cv = 0.61 

This value was compared With CV vs. count curves. The count at which CV = 0. 6 J for 
Leidei-Busch counting statistics or for an OSHA Salt Lake TechnicaJ Center (OSHA-SLTC) 
CV curve (see Appendix A for further .infonnation) was 4.4 fibers or 3.9 fibers per 100 fields, 
respectively. Although a lower detection limit of 4 fibers per I 00 fields is supported by the 
OSHA-SLTC data, both data sets support the 4.5 fibers per 100 fields value. 

3. Method Performance- Precision and Accuracy 

Precision is dependent upon the total number of fibers counted and the uniformity of the fiber 
distribution on the filter. A general rule is to count at least 20 and not more than I 00 fields. 
The count is discontinued when 100 fibers are counted, provided that 20 fields have already 
been counted. Counting more than 100 fibers results in only 3' small gain in precision. As the 
total count drops below I 0 fibers, an accelerated loss of precision is noted. 
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At this-time. there is no known method to detennine the absolute accuracy of the asbestos 
analysis. Results of samples prepared through the Proficiency Analytical Testing (PAT) 
Program and analyzed by the OSHA-SLTC showed no significant bias when compared to 
PAT reference values. The PAT samples were analyzed from 1987 to 1989 (N"" 36) and the 
concentration range was from 120 to 1,300 fiberslmm(2). 

4. Interferences 

I Fibrous substances •. if present, may interfere with asbestos analysis. 

I Some common fibers ar~: 

Fiberglass 
A."\hyd.=i :.e 

1--Plant F:.bers 
Pe:lite Veins 
Gypsum 

I 
I 
I 
I 
I 
I 
I 
I 

Some Syr.~hetic ~ibers 
Mernbrar.e S:.r~ctures 
Sponge Spic~les 
D.:. atoms 
:-ticroorganisrns 
wo::as::onite 

The use of electron microscopy or optical tests such as polarized light, and dispersion staining 
may be used to dilferentia!e these materials from asbestos when necessarY. 

S. Sampling 

S.l. Equipment 

5.1.1. Sample assembly (The assembly is shown in Figure 3). Conductive fiJter holder 
consisting of a 25-nun diameter. 3-piece cassette having a 50-mm long electrically conductive 
extension cowl. Backup pad, 25-nun, cellulose. Membrane filter, mixed-cellulose ester 
(MCE), 25-mm, plain, white, 0.4 to 1.2-um pore size. 

Notes: 

(a) DO NOT RE-CSE CASSETTES. 

(b) Fully conductive cassettes are required to reduce fiber loss to the sides of the cassette due 
to electrostatic attraction. 

I (c) Purchase filters which have been selected by the manufacturer for asbestos counting or 
analyze representative filters for fiber background before use. Discard the filter lot if more 
than 4 fibers/ I 00 fields are found. 

I 
I 

(d) To decrease the possibility of contamination, the sampling system (fiJter-backup pad
cassette) for asbestos is usually preassembJed by the manufaCturer. 
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(e) Other cassettes, such as the BeD-mouth, may be used within the limits of their validation. 

5.1.2. Gel bands for sealing cassettes. 

5.1.3. Sampling pump. 

EaCh pump must be a battery operated, self-contained unit small enough to be placed on the 
monitored employee and not interfere with the work being performed. The pump must be 
capable of sampling at the collection rate for the required sampling time. 

· 5.1.4. Flexible tubing, 6-mm bore. 

5.1.5. Pump calibration. 

Stopwatch and bubble tube/burette or electronic meter .. 

5.2. Sampling Procedure 

5.2.1. Seal the point where the base and cowl of each cassette meet with a gel band or tape. 

5.2.2. Charge the pumps completely before beginning. 

5.2.3. Connect each pump to· a calibration cassette with an appropriate length of 6-mm bore 
plastic tubing. Do not use luer COMectors --the type of cassette specified above has built-in 
adapters. · 

5.2.4. Select an appropriate flow rate for the situation being monitored. The sampling flow 
rate must be between 0.5 and 5.0 Umin for persona] sampling and is commonly set between I 
and 2 Umin. AJways choose a flow rate that will not produce overloaded filters. 

5.2.5. Calibrate each sampling pump before and after sampling with a calibration cassette in
line (Note: This calibration cassette should be from the same lot of cassettes used for 
sampling). Use a primary standard (e.g. bubble burette) to calibrate each pump. If possible, 
calibrate at the sampling site. 

No1e: lf sampJing site caJibration is not possible, environmental influences may affect the flow 
rate. The extent is dependent on the type of pump used. Consult with the pump manufacturer 
to determine dependence on environmental influences. If the pump is affected by temperature 
and pressure changes, correct the flow rate using the fonnula shovm in the section "Sampling 
Pump Flow Rate Correctionsn at the. end of this appendix. 

5.2.6. Connect each pump to the base of each sampling cassette with flexible tubing. Remove 
the end cap of each cassette and take each air sample open face. Assure that each sample 
cassette is held open side down in the employee's breathing zone during sampling. The 
distance from the nosefmouth of the employee to the cassette should be about 10 em. Secure 
the cassette on the coUar or lapel of the employee using spring clips or other similar devices. 

5.2.7. A suggested minimum air volume when sampling to de~ennine TWA compliance is 25 
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L. For Excursion Limit (30 min sampling time) evaluations, a minimum air volume of 48 L is 
recommended. 

5.2.8. The most significant problem when sampling for asbestos is overloading the filter with 
non-asbestos dust Suggested maximum air sample volumes for specific environments are: 

Environrnen= 
I 
I Air Vo!.. (L) 

-----------------------------,,'------------
Asbestos removal cpe~ati~ns (v~s~ble ciust! ...... 1 
Asbestos removal operati~ns (l~ctle dust} .•..... I 
Office enviro~en=s ................•............ I 

lCO. 
240. 
400 t~ 2,400. 

------------------------------'------------
CAL 'TION: Do not overload the filter with dust. High levels of non-fibrous dust particles may 
obscure fibers on the filter and lower the count or make counting impossible. If more than 
about 25 to 30% of the field area is obscured with dust, the result may be biased low. Smaller 
air volumes may be necessary when there is excessive non-asbestos dust in the air. 

~bile sampling, observe the filter with a small flashlight. lf there is a visible layer of dust on 
the filter, stop sampling. remove and seal the cassette, and replace with a new sampling 
assembly. The total dust loading should not exceed 1 mg. 

5 .2. 9. Blank samples are used to determine if any contamination has occurred during sample .
handling. Prepare two blanks for the first 1 to 20 samples. For sets containing greater than 20 
samples, prepare blanks as J 0% of the samPles. Handle blank samples in the same manner as 
air samples with one exception: Do not draw any air through the blank samples. Open the 
blank cassette in the place where the sample cassettes are mounted on the employee. Hold-it 
open for about 30 seconds. Close and seal the cassette appropriately. Store blanks for 
shipment with the sample cassettes. 

5.2.10. Immediately after sampling, close and seal each cassette with the base and plastic 
plugs. Do not touch or puncture the filter membrane as dUs will invalidate the analysis. 

5.2.1 I Att3ch and secure a sample seal around each sample cassette in such a way as to 
assure that the end cap and base plugs cannot be removed without destroying the seal. Tape 
the ends of the seal together since the seal is not long enough to be wrapped end-to-end. Also 
wrap tape around the cassette at each joint to keep the seal secure. 

5.3. Sample Shipment 

5.3. L Send the samples to the laboratory with paperwork requesting asbestos analysis. List 
any known fibrous interferences present during sampling on the paperwork. Also, note the 
workplace operation(s) sampled. 

5 .3.2. Secure and handle the samples in such that they wiU not rattle during shipment nor be 
exposed to static electricity. Do not ship samples in expanded polystyrene peanuts, 
venniculite, paper shreds, or excelsior. Tape sample cassettes to sheet bubbles and place in a 
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container that will cushion the samples in such a manner that they wiU not rattle. 

5.3.3. To avoid the possibility of sample contamination, always ship bulk samples in separate 
mailing containers. 

6. Analysis 

6.1. Safety Precautions 

6.1.1. Acetone is extremely flammable and precautions must be taken not to ignite it. Avoid 
using large containers or quantities of acetone. Transfer the s~lvent in a ventilated laboratory 
hood. Do not use acetone near-any open flame. For generation of acetone vapor, use a spark 
free heat source. 

6.1.2. Any asbestos spills should be cleaned up irrunediately tO prevent dispersal of fibers. 
Prudence should be exercised to avoid contamination of laboratory facilities or exposure of 
persoMel to asbestos. Asbestos spills should be cleaned up with wet methods and/ or a High 
Efficiency Particulate-Air (HEPA) filtered vacuum. 

CAUTION: Do not use a vacuum without a HEPA filter-- It .will disperse fine asbestos fibers 
in. the air. 

6.2. Equipment 

6.2.1. Phase contrast microscope with binocular or trinocular head. 

6.2.2. Widefield or Huygehian 1 OX eyepieces (NOTE: The eyepiece containing the graticule 
must be a focusing eyepiece. Use a 40X phase objective with a numerical aperture of0.65 to 
0.75). 

6.2.3. Kohler illumination (if possible) with green or blue filter. 

6.2.4. Walton-Beckett Graticule, type G~22 with tOO plus or minus 2 urn projected diameter. 

6.2.5. Mechanical stage. A rotating mechanical stage is convenient for use with polarized 
light. 

6.2.6. Phase. telescope. 

6.2.7. Stage micrometer with 0.01-mm subdivisions. 

6.2.8. Phase-shift test slide, mark II (Available from PTR optics Ltd., and also McCrone). 

6.2.9. Precleaned glass slides, 25 mm X 75 mm. One end can be frosted for convenience in 
writing sample numbers, etc., or paste-on labels can be used. 

6.2.10. Cover glass #I 1/2. 

6.2.11. Scalpel(# 10, curved blade). 
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6:2.12. Fine tipped forceps. 

6.2.13. Aluminum block for clearing filter (see Appendix D and Figure 4). 

6.2.14. Automatic adjustable pipette, 100- to 500-uL. 

6.2.15. Micropipette, 5 uL. 

6.3. Reagents 

I 6.3.1. Acetone (HPLC grade). 

6.3.2. Triacetin (glycerol triacetate). 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

6.3.3. Lacquer or nail polish. 

6.4. Standard Preparation 

A way to prepare standard asbestos samples of known concentration has not been developed. 
It is possible to prepare replicate samples of nearly equal concentration. This has been 
perfonned through the PAT program. These asbestos samples are distributed by the AlliA to 
panicipating laboratories. 

Since only about one-fourth of a 25-mm sample membrane is required for an asbestos count, 
any PAT sample can serve as a "standard" for replicate counting. 

6.5. Sample Mounting 

~ate: See Safety Precautions in Section 6.1. before proceeding. The objective is to produce 
samples with a smooth (non-grainy) background in a medium with a refractive index of 
approximately 1. 46. The technique below collapses the filter for easier focusing and produces 
permanent mounts which are useful for quality control and interlaboratory comparison. 

An aJuminum block or similar device is required for sample preparation. 

6.5.1. Heat the aluminum block to about 70 deg.C. The hot block should not be used on any 
surface that can be damaged by either the heat or from exposure to acetone. 

6.5.2. Ensure that the glass slides and cover glasses are free of dust and fibers. 

6.5.3. Remove the top plug to prevent a vacuum when the cassette is opened. Clean the 
outside of the cassette if necessary. Cut the seal and/or tape on the cassette with a razor blade. 
Very carefully separate the base frOm the extension cowl, leaving the filter and backup pad in 
the base. 

6.5.4. With a rocking motion cut a triangular wedge from the fitter using the scalpel. This 
wedge should be one·sixth to one-fourth of the filter. Grasp the filter wedge with the forceps 
on the perimeter of the filter which was damped between the cassette pieces. DO_ NOT 
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TOUCH the_filter with your finger. Place the filter on the glass slide sample side up. Static 
electricity will usually keep the filter on the slide until it is cleared. 

6.5.5. Place the tip of the micropipette containing about 200 ilL acetone into the aluminum 
block. Jnsen the glass slide into the receiving slot in the aluminum block. Inject the acetone 
into the block with slow, steady pressure on the plunger while holding the pipette firmly in 
place. Wait 3 to 5 seconds for the filter to clear, then remove'the pipette and slide from the 
aJuminum block. 

6.5.6. Immediately (less -than 30 seconds) place 2.5 to 3.5 uL of triacetin on the filter (NOTE: 
Waiting longer than 30 seconds wiU result in increased index of refraction and decreased 
contrast between the fibers and the preparation. Ths may also lead to separation of the cover 
slip from the slide). 

6.5.'7. Lower a cover slip gently onto the filter at a slight angle to reduce the possibility of 
fonning air bubbles. If more than 30 seconds have elapsed between acetone exposure and 
triacetin application, glue the edges of the cover slip to the slide with lacquer or nail polish. 

6.5.8. If clearing is slow, warm the slide for 15 min on a hot ~late having a surface 
temperature of about 50 de g. C to hasten clearing. The top of the hot block can be used if the 
slide is not heated too long. 

6.5.9. Counting may proceed immediately after clearing and mounting are completed. 

6.6. Sample Analysis 

Completely align the microscope according to the manufacturer's·instructions. Then, align the 
microscope using the following general alignment routine at the beginning of every counting 
session and more often if necessary. 

6.6.1. Alignment 

(I) Clean all optical surfaces. Even a small amount of din can significantly degrade the image. 

(2) Rough focus the objective on a sample. 

(3) Close down the field iris so that it is visible in the field of view. Focus the image of the iris 
.with the condenser focus. Center the image of the iris in the field of view. 

(4) Install the phase telescope and focus on the phase rings. Critically center the rings. 
Misaligrunent of the rings results_in astigmatism which will degrade the image. 

(5) Place the phase-shift test slide on the microscope stage ani;l focus on the lines. The analyst 
must see line set 3 and should see at least pans of 4 and 5 but, not see line set 6 or 6. A 
microscope/microscopist combination which does not pass this test may not be used. 

6.6.2. Counting Fibers 

(I) Place the prepared sample slide on the mechanical stage of the microscope. Position the 
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center of the wedge under the objective lens and focus upon the sample. 

(2) Stan counting from one end of the wedge and progress along a radial line to the other end 
(count in either direction from perimeter to wedge tip). Select fields randomly, without 
looking into the eyepieces, by slightly advancing the slide in one direction with the mechanical 
stage control. 

(3) Continually scan over a range of focal planes (generally the upper 10 to 15 urn of the filter 
surface) with the fine focus control during each field count. Spend at least 5 to 15 seconds per 
field. 

( 4) Most samples will contain asbestos fibers with fiber diameters less than 1 urn. Look 
carefully for faint fiber images. The small diameter fibers will be very hard to see. However, 
they are an important contribution to the total count. 

(5) Count only fibers equal to or longer than S urn. Measure the length of cUrved fibers along 
the curve. 

(6) Count fibers which have a length to width ratio of3: I or greater. 

(7) Count all the fibers in at least 20 fields. Continue counting until either 100 fibers are 
counted or 100 fields have been viewed; whichever occurs first. Count all the,fibers in the final 
field. 

I (8) Fibers lying entirely within the boundary of the Walton-Beckett graticule field shaU receive 
a count of 1. Fibers crossing the boundary once, having one end within the circle shall receive 
a count of 112. Do not count any fiber that crosses the graticule boundary more than once. 

I
~ Reject and do not count any other fibers even though they may be visible outside the graticule 

area. If a fiber touches the circle, it is considered to cross the line. 

I 
I 
I 
I 
I 
I 
I 

(9) Count bundles of fibers as one fiber unless individual fibers can be clearly identified and 
each individual fiber is clearly not connected to another counted fiber. See Figure 1 for 
counting conventions. 

(10) Record the number of fibers in each field in a consistent way such that filter non
uniformity can be assessed. 

(I I) Regularly check phase ring alignment. 

(12) When an agglomerate (mass of material) covers more than 25% of the field of view, 
reject the field and select another. Do not include it in the number of fields counted. 

(13) Perfonn a "blind recount" of I in every 10 filter wedges (slides). Re-label the slides using 
a person other than the original counter. 

6.7. Fiber Identification 

As previously mentioned in Section 1.3 ., PCM does not provide positive confinnation of 
asbestos fibers. Alternate differential counting tecluUques should be used if discrimination is 
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desirable. Differential counting may include primary discrimination based on morphology, 
polarized light analysis of fibers, or modification ofPCM data by Scanning Electron or 
Transmission Electron ~croscopy. 

A great deal of experience is required to routinely and correctly perform differential counting. 
It is discouraged unless it is legally necessary. Then, onJy if a fiber is obviously not asbestos 
should it be excluded from the count. Further discussion of this technique can be found in 
reference 8.10. 

If there is a question whether a fiber is asbestos or not, follow the rule: 

"WHE]'; Dl DOu"BT, COL 'NT." 

6.8. Analytical Recommendations-- Quality Control System 

6.8.1. All individuals performing asbestos analysis must have taken the NIOSH course for 
sampling and evaluating airborne asbestos or an equivalent course. 

6.8.2. Each laboratory engaged in asbestos counting shalt set up a slide trading arrangement 
with at least two other laboratories in order to compare performance and eliminate inbreeding 
of'error. The slide exchange occurs at least semiannually. The round robin results shall be 
posted where all analysts can view individual analyst's results. 

6.8.3. Each laboratory engaged in asbestos counting shall participate in the Proficiency 
Analytical Testing Program, the Asbestos Analyst Registry or equivalent. 

6.8.4. Each analyst shall select and count prepared slides.from a "slide bank". These are 
quality assurance counts. The slide bank shall be prepared using unifonnly distributed samples 
taken from the workJoad. Fiber densities should cover the entire range routinely anaJyzed by 
the laboratory. These slides are counted blind by all counters to establish an original standard 
deviation. This historical distribution is compared with the quality assurance counts. A counter 
must have 95% of all quality control samples counted within three standard deviations of the 
historical mean. This count is then integrated into a new historical mean and standard 
deviation for the slide. 

The analyses done by the counters to establish the slide bank may be used for an interim 
quality control program if the data are treated in a proper statistical fashion. 

7. Calculations 

7.1. Calculate the estimated airborne asbestos fiber concentration on the filter sample using 
the following fonnula: 

(For Equation A, C!~ck Here) 

where: 

AC • Ai!"bor:~e fiber con::en~ration 
FB • Total :Jwnber of fibers greater than 5 um counted 
fL • Tor;al :~umber of fie:ds · counted on <:he filte!" 
BfB • To~al :~umber of fibers greater ::han 5 um counted in t~e blank 
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I SfL 
E::A 

I 
,. 
M!A 

T 

= Tota! number of fields counted on the b:a~k 
= Effect:ve collec~i~g a=ea of filter {385 mm(2) ncmir.al ~or a 

25-:nm t.:.l1:.er. J 
= Pump flow rate !L/min) 
=Microscope count fie:d area (~(2!). T~is is O.C07SS mm(2J ~or 

a Waltcn-BecKett Graticule. 

I 1, ooo 
= Sample collection time lminl 
g Ccr.version of L to cc 

Note: The collectior. area o! a 
is appropriate for laboratories 
usinq an inside micrometer. The 
the for.nula: 

fi~ter is seldom equal to 385 rnm(2). :e 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Area = pilci/2) (2) 

7 .2. Short-Cut Calculation 

to rou~ir.ely mon:tcr the exac~ diameter 
co:lec~ion area is calculated accordi~g tc 

Since a given analyst always has the same interpupiJiary distance, the number of fields per 
filter for a particular analyst will remain· constant for a given size filter. The field size for that 
anaJyst is constant (i.e. the analyst is using an assigned microscope and is not changing the 
reticle). 

For example, if the exposed area of the filter is aJways 3 85 mm(2) and the size of the field is 
always 0.00785 mm(2) the number of fields per filter wiU always be 49,000. In addition it is 
necessary to convert liters of air to cc. These three constants can then be combined such that 
ECN(l,OOO x MFA)= 49. The previous equation simplifies to: 

(Fo: Equation B, Click Here) 

7.3. Recount Calculations 

As mentioned in step 13 of Section 6.6.2., a "blind recount" of 100/o of the slides is perlbnned. 
In aU cases, differences wiD be observed between the first and second counts of the same filter 
wedge. Most of these differences wiD be due to chance alone. that is, due to the random 
variability (precision) of the count method. Statistical recount criteria enables one to decide 
whether observed differences can be explained due to chance aJone or are probably due to 
systematic differences between anaJysts, microscopes, or other biasing factors. 

The following recount criterion is for a pair of counts that estimate AC in fiberslcc. The 
criterion is given at the type· I error level. That is, there is 5% maximum risk that we will 
reject a pair of counts for the reason that one might be biased, when the large observed 
difference is really due to chance. 

Reject a pair of counts if: 

! For Eq".laticn c, 

Where: 

AC(l) 
AC(2) 

cL;,ck Here) 

I AC(avg) 

2 lower esti~ted airborne fiber concentration 
= h~qher estimated airbo:ne fiber ccncent~aticn 
= ave:age cf the two c~ncentratior. estimates 
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CV(FBi ~ CV !o~ t~e average of the two concentra~ior. esti~tes 

If a pair of counts are rejected by this criterion then, recount t:he rest of the filters in the 
submitted set. Apply the test and reject any other pairs failing; the test. Rejection shall include 
a memo to the industrial hygienist stating that the sample failed a statistical test for 
homogeneity and the true air concentration may be significantly different than the reported 
value. 

7.4. Reponing Results 

Repon results to the industrial hygienist as fibers/cc. Use two. significant figures. If multiple 
analyses are perl'ormed on a sample, an average of the resuJts is to be reported unless any of 
the results can be rejected for cause. 
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I 
8.10. Dixon, W.C., Applications of Optical Mcroscopy in Analysis of Asbesios and Quartz, 

1
- Analytical Techniques in Occupational Health Chemistry, edited by D.D. Dollberg and A.W. 

Verstuyft. Wash. D.C.: American Chemical Society, (ACS Symposium Series 120) 1980. pp. 
13-41. 

I Quality Control 

I 
The OSHA asbestos regulations require each laboratory to establish a quality control 
program. The following is presented as an example of how the OSHA-SLTC constructed its 
internal CV curVe as part of meeting this requirement. Data is from 395 samples collected 

1 
during OSHA compliance inspections and analyzed from October 1980 through April1986. 

Each sample was counted by 2 to 5 different counters independently of one another. The 

1
-_ standard deviation and the CV statistic was calculated for each sample. This data was then 

plotted on a graph of CV vs. fiberslmm(2). A least squares regression was performed using 
the following equation: 

I 
I 

CV"" antilog(!Jl [A(log(lO) (X) I (2)+3(log(l0) !x) )+C) 

wt:ere: 

x "' the ncmber of fibers/rr:rn(2} 

Appl~cat:ion of least squares gave: 

I A .. 0.182205 
8 = 0.91334.3 
c = 0.3274.99 

I 
I 
I 
I 
I 
I 
I 
I 

Usi:tg these values, the equatior. becomes: 

cv .. ar.tilog ( 101 { 0.182205 (log I 10) (X) ) (2 l -0. 97 3343 (log (10) (x; ) +C. 327459} 

Satr.p"lir:.g Pump fl:.w Rate Correctior..s 

This correction is used if a difference greater than 5% in ambient 
temperatu~e and/or press~re is noted be~weer. cal~bration and samp~~ng 
sites and the pump does not compensate fo: the differences. 

(For Equat.!on D, Click Here) 

Whe:e: 

Q(actl =actual flow rate 
Q(call s calibrated flow rate (if a rotameter was used, the rotameter 

value) 
PCcalJ ~ uncorrected air pressu:e at: calibration 
P(acc) = c~correcteC air pressure at sampli~g site 
!iact) = terr~erature at sampling site (K) 
T(cal) = temperatu::e at calibration (K) 

Walton-Becken Graticule 

When ordering the Graticule for asbestos counting, specify the eXact disc diameter needed to 
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fit the ocular ofihe microscope and the diameter (mm) of the circular counting area. 
Instructions for measuring the dimensions necessary are listed: 

( 1) Insert any available graticule into the focusing eyepiece and focus so that the graticule 
lines are sharp and clear. 

(2) Align the microscope. 

(3) Place a stage micrometer on the microscope object stage and focus the microscope on the 
graduated lines. 

( 4) Measure the magnified grid length, PL (urn), using the stage micrometer. 

(S) Remove the graticule from the microscope and measure its actual grid length. AL (mm). 
This can be accomplished by using a mechanical stage fined with verniers, or a jeweler's Ioupe 
with a direct reading scale. 

(6) Let D, 100 urn. Calculate the circle diameter, d(c)(mm), for the Walton-Beckett graticule 
and specify the diameter when making a purchase: 

A!. X 0 

d(c) = ----------
P1 

Exanple: 

1! PL ~ 1C8 um, AL = 2.93 mm and 0 = :oo urn, 

then, 

2.93 X 100 
d(c) = --------------- = 2.7lrnm 

108 

(7) Each eyepiece-objective-reticle combination on the microscope must be calibrated. Should 
any of the three be changed (by zoom adjustment, disassembly, replacement, etc.), the 
combination must be recalibrated. Calibration may change if interpupillary distance is changed. 

Measure the field diameter, D (acceptable range: 100 plus or minus 2 urn) with a stage 
micrometer upon receipt of the graticule from the manufacturer. Determine the field area (mm 
(2)). 

Fie~d Aiea = p~(D/2l (2) 
!f D = 100 um = 0.1 mm, then 
Field Azea = pi!O.l mm/2) (2) = 0.00785 rnm~2) 

The Graticule is available from: Graticules Ltd., Morley Road, -Tonbridge TN9 IRN, Kent, 
England (Telephone 011-44-732-359061). Also available from PTR Optics Ltd., 145 Newton 
Street, Waltham, MA 02154 [telephone (617) 891-6000) or McCrone Accessories and 
Components, 2506 S. Michigan Ave., Chicago,IL 60616 [phone (312)-842-7100]. The 
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I 
I 
I 

e.raticule is custom made for each microscope. 

(fo~ Figure 1 of Waltor.-Sec~ett Gratic~:e, c:ick F.ere) 

Counts f:::: the Fibers in t~e Figure 

I 
Str~ct:..~re Nc. I count I Explanation 

I ~--------------------~---------1 I 
1 I Single fibers all contained within the I 1 tO 6 ...... . 

I I Circle. 
I '/2 I r;ber c:o••e• circle once. 
1 0 .I Fiber too shcrt. 
1 2 I Two crossing fibers, I 

? .......... .. 
8 ...•••...•.• 
s ........... . 
10 ....•...... 1 0 I Fiber outside gratic~le. 

I 0 I Fibe:: crosses g::aticu:e twice. 
1 1/2 I Al':hcugh :spl!t, f!.ber cnty crosses once. 

---'--~-----------------------------I 
.. 11 .......... . 

12 ...•.•.•••• 

I [60 FR 33972, June 29, 1995] 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

• Next Standard (1926.1101 App Cl 

• Regulations (Standards - 29 CFRl - Table of Contents 

@Back to Top 

Occupational Safety & Health Administration 
200 Constitution Avenue, NW 
Washington, DC 20210 

www.osha.gov 

rnp://www.osha .. ./owadisp.show _ document?p _ table=ST ANDARDS&p _ id= I 0864&p _text_ version=F ALS 

Page 17ofl7 

www.dol.gr 

6127/2003 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

-----------------------

AppendiX L 
Federal and State Applicable or Relevant 

and Appropnate Requirements 
(ARARs) 

' 



----------------~-ARAR'S FOR THE HYDRATED BIOTITE SOIL REMOVAL AND DISPOSAL 

29 CPR 134, 29 CPR 
1926.95,29 CFR 1926.96,29 
CFR 1926.100,29 CFR 
1926.101, 29 CFR 1926.102, 
29 CFR 1926.103 

29 CFR 1910.151(b) 

BURLINGTON NORTHERN SANTA FE RAILWAY COMPANY 
LIBBY, MONTANA 

Site work requires use 
protective equipment. 

In the absence ofan · clinic, 
or hospital in near proximity to the 
workplace which- is used for the 
treatment of all injured employees, a 
person or persons shall be adequately 
trained to render first aid. Adequate 
frrst aid s·upplies shall be readily 

Each employer will be responsible for compliance with this standard. 
• Full-face PAPR's wiH be used - with the of 

• 

• 

St 

to 
minimum personal protective equipment will include a hard hat, safety 
glasses, safety boots, and hearing protection during vacuum truck 
operation. This equipment will comply with applicable ANSI standards. 
Additional personal protective equipment required in the Contamination 
Reduction Zone and Exclusion Zone and this will include respiratory 

Libby, less than one 
mile from the work areas. Therefore, this regulation is not applicable. 
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ARAR'S FOR THE HYDRATED BIOTITE SOIL REMOVAL AND DISPOSAL 
BURLINGTON NORTHERN SANTA FE RAILWAY COMPANY 

LIBBY, MONT ANA 

Worker protection measures 
include engineering controls, worker 
training, labelillg, respiratory • 

specification. Some of the worker protection measures are listed below. 
Engineering controls will include keeping the soil wet and 
decontamination facilities for personnel and equipment. Additionally, the protection, bagging of waste, 0.1 flee 

eight-hour time-weighted average and 
l flee 30-minute excursion 

H.EPA-filtered vacuum truck is another engineering control in that it 
captures dust generated in-the vacuuming process. 

permissible exposure limit. • Workers are tO be trained in accordance with federal asbestos abatement 
requirements and licensed by the State of Montana for asbestos abatement 

• 

• 

work before starting work at the site. A requirement of. asbestos licensure 
is that they have proper ti-aining for their job designation. 
Plastic-wrapped soil in dumpsters will be labeled before it is transported 
off the site in bulk. Additionally, bags of waste will have the appropriate 
asbestos warning label. 
Signs and/or warning tape and traffic cones will be used at the site 
perimeter to keep unauthorized personnel out of the site and Exclusion 
Zone. 

• Waste generated from personal protective equipment and during 
decontamination is to be disposed of in asbestos warning-labeled 6-mil 
bags. The bags are to be leak-tight polyethylene bags labeled in 
accordance with 29 CFR 191 0.1200(f) of OSHA's Hazard Communication 
standard. 

• Respiratory protection and protective clothing will be worn by personnel 
entering the Exclusion Zone. 

• Worker breathing zone samples will be collected from workers in the 
Exclusion Zone to document exposure. Additionally, area samples will be 
collected at the Exclusion Zone perimeter. Decisions to upgrade 
respiratory protection will be based on. the airborne concentrations 
detected and the maximum use concentrations of the respirators being 
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- - - - - ----------ARAR'S FOR THE HYDRA TED BIOTITE SOIL REMOVAL AND DISPOSAL - -

42 CFR Part 84 

American National 
for High-Visibility Safety 
Apparel 

damage to or sensitive 
areas, such aS floodplains, 
historic places, wetlands, and 
fragile ecosystems, and for 
restricting other activities that 
are potentially harmful 
because of where they take 

Alarm - citable under 
Section S(a) (I) of the 
Occupational Safety and 
Hea"lth Act. 

BURLINGTON NORTHERN SANTA FE RAILWAY COMPANY 
LIBBY, MONTANA 

after visible hydrated biotite has been 
removed and the soil samples do not 
detect Libby amphibole. 

asbestos-containing waste material. 
waste containment and 

the site. 

Occupational and Health Act· 
(the General Duty Clause), eritployers 
must keep their workplaces free from 
recognized hazards 

Each work area will be inspected and a .. Certification of Visual 
Inspection" will be completed to document that each area has been 
visually i.nspected. 

• EMR will collect soil samples to document Libby amphibole content of 

Company i 
with respect to floodplains, historic places, wetlands, fragile ecosystems, or 
activities that may be potentially harmful are not applicable. 

are 
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requirements of 40 CFR 
61.145 and Waste handling 
provisions of 40 CFR 61.150 

ARAR'S FOR THE HYDRATED BIOTITE SOIL REMOVAL AND DISPOSAL 
BURLINGTON NORTHERN SANTA FE RAIL WAY COMPANY 

LIBBY, MONT ANA 

Prevent V;Si[bi; ;;;;r;;;;;;; aurmg 
vacuuming. soil transfer, loading the 
soil into vessels for transfer to the 
landfill. 

transportation and 
approved landfill. 

waste 
at the 

1 capture i as 
generated in the vacuuming process and thus prevent visible emissions. 
Additionally, soils are to be wetted prior to handling and they are to 
remain wet throughout handling so that no visible emissions are released 
from the site. 

• Soils for disposal will be transferred to a container lined with 6·mil 
polyethylene sheeting and waste will be transported to the landfill in bulk. 

• Each truckload of soil will be manifested using a special waste manifest. 
Photocopies of the manifests will be retained by EMR and the originals 
will be supplied to BNSF for their records. 

• Air sampling will be conducted during vacuuming, loading, and 
decontamination procedures in order to sample for potential airborne 

• 

• 

EMR on behalf ofBNSF and the transp01ter will ensure that a waste 
shipment record has been appropriately completed and signed by the 
generator, and accompanies the waste to the disposal site. 
A cOpy of the waste shipment record is to be provided to the. landfill 
operator or owner. 

• A copy signed by the landfill owner or operator is to be returned to BNSF 
within 30 
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---- -----------ARAR'S FOR THE HYDRATED BIOTITE SOIL REMOVAL AND DISPOSAL -- -
29 Code of Federal 
Regulations 1910.145(d)(4) 

Environmental Protection 
Chapter 2. Air Quality, Part 
5. Asbestos Control 

BURLINGTON NORTHERN SANTA FE RAILWAY COMPANY 

Caution signs wa1·ni'~ 
containing material 
related activity. 

asbestos-related 

LIDBY, MONTANA 

to transport waste material 
during the loading and unloading of waste so that the signs are visible. The 
posting must: 
(1) Be displayed in such a manner and location that a person can easily read 
the legend. 
(2) Conform to the requirements for twenty inch by fourteen~inch [50.8-
centimeter by 35.56-centimeterJ upright format signs specified in title 29 Code 
of Federal Regulations 1910.145(d)(4) and this paragraph; and 
(3) Display the following legend in the lower panel with letter sizes and styles 
of a visibility at least equal to those specified below. 

Legend 

DAN~BR 

ASBESTOS DUS"t" HAZARD 

Cl\Nl:ER IWD I.UNil DISeASE HAZARD 

Authorized Peroonnel only 

Not;ation 

:!.S on ll in.") S<UUI S~r1t, 
ooth1o, OJ:' Blook. 

z. s eril. (l :in. "I sana s'u:1f, 
oot111c, or a look.. 

1.9 0111 (l/-l in . .] .sans se.rit, 
aoth1c, o.x- Block. 

14 l?olnt aoth1o 

1 are not 
does not involve asbestos-containing materials in an indoor environment and 
material containing one percent or greater asbestos has not been detected at the 
site.- However, there will be compliance with the following that may be 
applicable and/or relevant: 
• Site workers will be required to be accredited by Montana DEQ. 
• A courtesy notification will be sent to Montana DEQ, but a per.mit is not 

required since material containing at least one percent asbestos has not 
been detected at the site. 
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24806 Federal Regisler I Vol. 65, No. 82/Thursday, April 27, 2000 I Proposed Rules 

ENVIRONMENTAL PROTECTION 
AGENCY 

40 CFR Part 763 

(OPPT5-62125A; FRL-6493-5) 

RIN 2070-AC66 

Asbestos Worker Protection 

AGENCY: Environmental Protection 
Agency {EPA). 
ACTION: Proposed rule. 

SUMMARY: EPA proposes to modify a 
previously published proposed rule to 
amend the Asbestos .Worker Protection 
Rule (WPR). This modified proposal 
would protect State and local 
government employees from the health 
risks cif exposure to asbestos to the same 
extent as private sector workers by 
adopting for such employees the 
Asbestos Standards of the Occupational 
Safety and Health Administration 
(OSHA). The modified proposal would 
expand the WPR's coverage to State and 
local government employees who are 
performing construction work, custodial 
work, and automotive brake and clutch 
repai:r work {the WPR now applies 
solely to asbestos abatement projects, a 
subset of conslruction work). The 
proposed rule would cross-reference the 

. 

Categories 

Educational services 

Public administration 

This listing is not intended to be 
exhaustive, but rather provides a guide 
for readers regarding entities likely to be 
affected by this action. Other types of 
entities not listed in this table could 
also be affected. The North American 
Industrial Classification System 
{NAICS) codes are provided to assist 
you and others in determining whether 
or not this action might apply to certain 
entities. If you have queStions regarding 
the applicability of this action to a 
particular entity, consult the technical 
person listed under FOR FURTHER 
INFORMATION CONTACT. 

OSHA AsbestoS Standards for 
Construction and for General industry, 
so that amendments to,these OSHA 
standards are directly and equally 
effective for employees covered by the 
WPR. It"would also amend the Asbestos
in-Schools Rule to provide coverage 
under the WPR for employees of public 
local education agencies who perform 
operations, maintenance and repair 
activities. EPA is proposing this rule 
under section 6 of the Toxic Substances 
Control Act (TSCA). · 

DATES: Comments, identified by docket 
control number OPPT5-62125A, must 
be received on or before June 26, 2000. 
Requests that EPA hold an informal 
public hearing must be received on or 
before June 26. 2000. If a hearing is 
requested, EPA will publish a notice 
announcing the informal public hearing 
in the Federal Register. 

ADDRESSES: Comments. may be 
submitted by mail, electronically, or in 
person. Please follow the detailed 
instructions for each method as 
provided in Unit l of the 
SUPPLEMENTARY INFORMATION. To ensure 
proper receipt by EPA, it is imperative 
that you identify docket control number 
OPPTS~62l25A in the subject line on 
the first page of your response. 

FOR FURTHER INFORMATION CONTACT: For 
general information contact: Barbara 
Cunningham, Direotor, Office of 
Program Management and Evaluation, 
Office of Pollution Prevention and 
Taxies (7401), Environmental Protection 
Agency, Ariel Rios Bldg .. 1200 
Pennsylvania Ave,, NW, Washington, 
DC 20460; telephone number: (202) 
554-1404; e-mail address: TSCA
Hotline@epa.gov. 

For technical information· contact: 
Cindy Fraleigh, Attorney-Advisor, 
National Program·chemicals Division 
(7404), Office of Pollution Prevention 
and Taxies, Environmental Protection 
Agency, Ariel Rit;~s Bldg., 1200 
Pennsylvania Ave., NW, Washington, 
DC 20460; telephone. number: (202) 
26D--1537; fax n).lmber: (202) 260-1724; 
e-mai1 address; fraleigh.cindy@epa.gov. 
SUPPLEMENTARY INFORMATION: 

I. General Information 

A. Does this Action Apply to Me? 

You may be potentially affected by 
this action if you are a State or local 
government entity whose employees 
work with or near asbestos-containing 
material. Potentially affected categories 
and entities may include, but are not 
limited to: 

NAICS codes E•amples of potentialty affected entities 

Public educational inslitullons, including school districts, not subject 
to an OSHA-approved State asbestos plan or a State asbestos 
worker protection plan that EPA has determined is exempt from 
the requirements of the WPR. 

92 State or local government employers not subject to an OSHA-ap
proved State asbestos plan or a State asbestos worller protection 
plan that EPA has determined Is exempt from the requirements of 
the WPR. 

B. How Can I Get Additional 
Information, Including Copies of this 
Document and Other Related 
Documents? 

1. Electronically. You may obtain 
electronic copies of this document, and 
·certain other related documents from 
the EPA fntemet Home Page at http:// 
www.epa.gov/. To access this 
document, on the Home Page select 
"Laws and Regulations" and then look 
up the entry for this document under 
the ''Federal Register-Environmental 
Documents." You can also go directly to 
the Federal Register listings at http:// 
www.epa.gov/fedrgstr/. To access 
information about asbestos. go directly 
to the Asbestos Home Page for the Office 
of Pollution Prevention and Taxies at 
http://www .epa.gov /asbestos/, 

2. ln person. The Agency has 
established an official record for this 
action under docket control number 
OPPT5-62125A. The official record 
consists of the documents specifically 
referenced in this action, any public 
comments received during an applicable 
comment period, and other information 
related to this action, including any 
information claimed as Confidential 
Business Information (CBI). This official 
record includes the documents that are 
physically located in the docket. as well 
as the documents that are rererenced in 
those documents. The public version of 
the official record does not include any 
information claimed as CBI. The public 
version of the official record, which 
includes printed, paper versions of any 
electronic comments submitted during 
an applicable comment period, is 
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available for inspection in the TSCA 
Nonconfidential Information Center 
(NCIC), North East Mall Rm. B-607, 
Waterside Mall, 401 M St., SW., 
Washington, DC 20460, from noon to 4 
p.m .. Monday through Friday, excluding 
legal holidays. The NCIC telephone 
number is (202) 260-7099. 

C. How and to Whom Do I Submit 
Comments? 

You may submit comments through 
the mail. in person, or electronically. To 
ensure proper receipt by EPA, it is 
imperative that you identify docket 
control number OPPTS-62125A in the 
subject line on the first page of your 
response. 

1. By moil. Submit comments to: 
Document Control Office (7407), Office 
of Pollution Prevention and Taxies 
(OPPT), Environmental Protection 
Agency, Ariel Rios Bldg.,1200 
Pennsylvania Ave., NW, Washington, 
DC 20460 . 

2.ln person or by courier. Deliver 
comments to; OPPT Document Control 
Office (DCO) in East Tower Rm. G-099, 
Waterside Mall, 401 M St., SW., 
Washington, DC. The DCO is open from 
6 a.m. to 4 p.m., Monday through 
Friday, excluding legal holidays. The 
telephone number for the DCO is (202} 
260-7093. 

3. Electronically. You may submit 
your comments electronically by e-mail 
to: "oppt-docket@epa.gov," or you can 
submit a computer disk as described 
above. Do not submit any information 
electronically that you consider to be 
CBI. Avoid the use of special characters 
and any form of encryption. Electronic 
submissions will be accepted in 
WordPerfect 6.1/8.0 or ASCII file 
format. All comments in electronic form 
must be identified by docket control 
number OPPTS-62125A. Electronic 
comments may also be filed online at 
many Federal Depository Libraries. 

D. How Should I Handle CBI that 1 Want 
to Submit to the Agency? 

Do not submit any information 
electronically that you consider to be 
CBI. You may claim information that 
you submit to EPA in response to this 
document as CBI by marking any part or 
all of that information as CBI. 
Information so marked will not be 
disclosed except in accordance with 
procedures set forth in 40 CFR part 2. 
In addition to one complete version of 
the comment that includes any 
information claimed as CBI, a copy of 
the comment that does not contain the 
information claimed as CBI must be 
submitted for inclusion in the public 
version of the official record. 
Information not marked confidential 

will be iD.cluded in the public versiori 
of the official record without prior 
notice. If you have any questions about 
CBI or the procedures for claiming CBI, 
please consult the technical person 
listed under FOR FURTHER INFORMATION 
CONTACT. 

E. What Should I Consider as I Prepare 
My Comments for EPA? 

You may find the following 
suggestions helpful for preparing your 
comments; 

1. Explain your views as clearly as 
possible. 

2. Describe any assumptions that you 
used. 

3. Provide copies of any technical 
information and/or data you used that 
support your views. 

4. If you estimate potential burden or 
costs, explain how you arrived at the 
estimate that you provide. 

5. Provide specific examples to 
illustrate your concerns. 

6. Offer alternative ways to improve 
the proposed rule. 

7. Make sure to submit your 
comments by the deadline in this 
document. 

8. To ensure proper receipt by EPA, 
be sure to identify the docket control 
number assigned to this action in the 
subject line on the first page of your 
response. You may also provide the 
name, date, and Federal Register 
citation. 

F. How and to Whom Do I Submit an 
Informal Public Hearing Request? 

You may request that EPA hold an 
informal public hearing, at which 
interested persons or organizations may 
present oral comments, by contacting 
the technical person listed under FOR 
FURTHER INFORMATION CONTACT. Requests 
for an informal hearing must be received 
on or before June 26,2000. If EPA 
decides to hold an informal hearing, it 
will publish a notice in the Federal 
Register announcing the time, place, 
and date of the hearing, explaining how 
interested persons or organizations can 
request to participate in the hearing, and 
describing the hearing procedures. EPA 
conducts informal hearings in 
accordance with the procedures in 40 
CFR part 750, subpart A. 

II. Background 

OSHA has published comprehensive 
requirements for protecting against the 
health effects of exposure to asbestos in 
the workplace. However, these 
requirements apply to employers in the 
private sector. OSHA has never had the 
authority to impose worker protection 
measures directly on State and local 
government employers. While a State 

has the authority tO protect State and 
local government employees under a 
State plan approved by OSHA under 
section 18 of the Occupational Safety 
and Health Act (OSH Act), 27 States do 
not do so. (Information regarding 
OSHA-approved State plans can be 
found at http://www.osha·slc.gov/fso/ 
osp.) EPA's WPR, 40 CFR part 763, 
subpart G, protects State and local 
government workers in States that do 
not have OSHA·approved State plans. 

EPA determined when it first 
proposed the Worker Protection Rule in 
1985 that asbestos exposures pose an 
unreasonable risk of harm to 
unprotected State. and local government 
employees who conduct asbestos 
abatement projects, alld that EPA has 
the authority under TSCA section 6 to 
establish asbestos Worker protection 
standards for these employees (Ref.1). In 
finalizing that proposal, EPA considered 
several options for protecting these 
workers from the risks of asbestos, 
including providing public information 
and technical assistance; deferring to 
the States; promulgating_a regulation 
that provided greater protection than the 
then-current OSHA Asbestos Standard; 
and promulgating a regulation that 
followed the OSHA Standard to 
maintain consistency amon8 Federal 
programs. EPA selected the last option, 
and implemented this selection in the 
WPR by setting out the OSHA 
requirements in full at 40 CFR part 763, 
subpart G (Ref. 2). In keeping with its 
policy of maintaining a consistent level 
of protection between the WPR and the 
OSHA Asbestos Standard, EPA 
amended the WPR in 1987 to 
incorporate recent changes to the 
Asbestos Standard that lowered the 
permissible exposure limit (PEL} to 0.2 
fibers per cubic centimeter (flee) and 
that instituted new requirements for 
engineering and work practice controls 
and worker training (Ref. 3). 

In response to further revisions to the 
OSHA Asbestos Standard for 
Construction (OSHA Construction 
Standard) (Refs. 4 through 6), EPA 
published proposed amendments to the 
WPR in the Federal Register of 
November 1.1994 (Ref. 7). EPA's 1994 
proposal would have made the WPR 
consistent with the 1990 version of the 
OSHA Construction Standards, and 
would have broadened the scope of the 
WPR to cover State and local 
government employees engaged in ariy 
form of construction work and in 
automotive brake and clutch repair. 
Shortly before EPA published its 1994 
proposal, OSHA published major 
revisions to the OSHA Construction 
Standard and the OSHA Asbestos 
Standard for General Industry (OSHA 
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General Industry Standard) (Ref. 8). EPA 
responded to OSHA's new revisions by 
stating in its proposed amendments to 
the WPR that it intended to publish a 
separate rule to make the WPR 
consistent with OSHA's 1994 changes. 
Commenters on the 1994 EPA proposal 
generally disfavored this approach, 
suggesting that EPA propose all the 
changes necessary for consistency 
between the WPR and the OSHA 
Construction Standard in one 
rulemaking. 

EPA agrees with the commenters and 
is therefore modifying its 1994 proposal 
to make the WPR consistent with the 
current OSHA Construction Standard, 
29 CFR 1926.1101, including all 
revisions to that standard from 1994 
through the present (Refs. 9 through 16}. 
.This proposal would also apply the 
·current requirements of the OSHA 
General Industry Standard, 29 CFR 
1910.1001, to State and local 
government employers of employees 
engaged in brake and clUtch repair 
work, as did EPA's 1994 proposed rule. 
In addition, this proposal would extend 
the requirements of the General Industry 
Standard to general custodial activities 
that are not associated with construction 
projects. 

In developing this proposal, EPA 
considered the comments submitted on 
its 1994 proposal and incorporated them 
where appropriate. A ReSponse to 
Comments Document addresses these 
comments more fully (Ref.17).1t is 
included in the public version of the 
official record in the NCIC Docket 
described in Unit l.B.2. 

A. What Action is the Agency Taking? 
EPA is proposing to implement its 

long-standing policy of consistency 
between EPA's WPR and the OSHA 
Asbestos Standards by incorporating the 
1994 revisions to the OSHA General 
Industry and Construction Standards 
into the WPR. Currently; employees 
working for some State and local 
governments are exposed to greater 
asbestos-related hazards in the work 
place than are employees working for 
private employers or other State and 
local governments. These additional 
hazards are not trivial, but instead 
expose these State and local government 
employees to meaningful additional 
risks that their colleagues working 
elsewhere are not asked to face. Fairness 
and equity dictate. the same level of 
protection for all persons who work 
with asbestos-containing material 
(ACM), whether those persons are 
employed by the private sector or by a 
State or local government. Currently, all 
private sector workers, as well as State 
and local government employees in the 

23 States that have OSHA-approved 
State plans, are protected by the more 
stringent OSHA regulatjons. The 
amendments in this proposed rule 
would create equity for the remaining 
State and local government workers by 
making the new, more stringent, OSHA 
requirements applicabl~ to those 
workers. 

This proposal would create that 
equity for the present and for the future 
by amending the WPR to cross-reference 
the OSHA General industry and 
Construction Standards set out at 29 
CFR 1910.1001 and 29 CFR 1926.1101 
respectively, rather than by setting out 
the OSHA requirements in full at 40 
CFR part 763, subpart G. Cross
referencing the OSHA Asbestos 
Standards in the WPR would mean that 
amendments to the OSHA General 
Industry or Construction Standard 
would have the effect of changing the 
requirements under the WPR as well. As 
such, State and local gOvernment 
employees would benefit from new 
OSHA provisions protecting workers 
against the risks of asbestos at the same 
time as private sector employees. 
Maintaining the same requirements for 
all workers dealing with asbestos would 
also avoid potential confusion and 
mistakes by allowing all workers and 
their supervisors to learn a single 
standard and know the requirements 
that apply to their work without 
additional training if such workers or 
supervisors move from the public sector 
to the private sector or vice-versa. 

EPA invites comment on its policy 
that all State and local government 
employees be protected from the health 
risks of exposure to asbestos to the same 
extent as private sector workers. EPA 
also invites comment on whether it 
should use cross-referencing to achieve 
equitable protection for State and local 
government employees. Cross
referencing has the advantage of 
ensuring that changes in workplace 
standards take effect at the same time 
for both groups of workers. Without it, 
revisions to the OSHA Asbestos 
Standards could not take effect for State 
and local government employees until 
EPA had proposed and finalized 
amendments incorporating those 
revisions into the WPR. This would 
have the undesirable effect of creating a 
period in which the requirements of the 
WPR and of the OSHA Asbestos 
Standards would be inconsistent. Cross· 
referencing also has the advantage of 
deferring to OSHA's singular expertise 
in establishing standards in the field of 
worker protection. 

It is within EPA's statutory authority 
and substantive expertise to find, under 
TSCA section 6, that the current amount 

of exposure to asbestos in State and 
local government workplaces during use 
or disposal in construction, custodial, 
and brake and clutch repair work 
presents an unreasonable risk of injury 
to human health (see Unit ILB.1. for a 
detailed discussion of the basis for this 
finding). and to establish a policy of 
equitable protection from asbestos risks 
for State and local government 
employees. Moreover, TSCA section 
9(d) requires EPA to consult and 
coordinate with olher appropriate 
Federal agencies so as to achieve the 
maximum enforcement ofTSCA while 
imposing the least burdens of 
duplicative requirements on regulated 
entities. EPA has therefore chosen to 
defer to OSHA's expertise and 
experience in setting workplace 
standards to protect workers from the 
risks of asbestos. 

OSHA may, in the future, revise the 
Asbestos Standards. Cross-referencing 
would eliminate the need for a separate 
EPA rulemaking to amend the WPR. but 
State and local governments would still 
have the opportunity to participate in 
the rulemaking process. State and local 
governments with comments on specific 
worker protection measures could 
submit those comments directly to 
OSHA. State and local governments 
could also address comments to EPA 
asking that the Agency not adopt any 
new OSHA standard by filing a petilion 
under TSCA section 21 requesting that 
EPA amend 40 CFR part 763, subpart G, 
to revise the cross-referencing structure. 
The petition should explain why EPA 
should depart from its longstanding 
policy of consistency and equity 
between the OSHA Asbestos Standards 
and the WPR, and should address EPA"s 
rulemaking obligations under TSCA 
sections 6 and 9{d). In this context, 
adoption ofthe OSHA standard with the 
safeguard ofthe TSCA section 21 
petition process allows the Agency to 
comply with the congressional intent 
evidenced in TSCA section 9 that EPA 
coordinate its activities under TSCA 
with the activities of other Federal 
agencies. When a TSCA section 21 
petition is filed, EPA must respond 
within 90 days, eilher granting the 
petition and promptly initiating a 
rulemaking, or denying the petition and 
explaining its reasons for the denial. 

Under the cross-referencing structure 
ofthis proposal, if you are a State or 
local government employer whose 
employees perform the construction and 
building maintenance activities 
identified in 29 CFR 1926.1101{a). and 
associated custodial work, you must 
comply with the OSHA Construction 
Standard, 29 CFR 1926.1101; if you are 
a State or local government employer 
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whose employees perform general 
custodial work or repair, cleaning, or 
replacement of asbestos-containing 
clutch plates and brake pads, shoes, and 
linings, or removal of asbestos· 
containing residue from brake drums or 
clutch housings, you must comply with 
the OSHA General Industry Standard, 
29 CFR 1910.1001. This proposal would 
effectively alter State and local 
government employer obligations as 
follows: 

1. Expanded scope of coverage. The 
current (1987) WPR applies solely to 
friable asbestos abatement projects. EPA 
has determined that there are 
substantial numbers of State and local 
government employees performing other 
construction, building maintenance, 
custodial, and brake and clutch repair 
activities. EPA has also determined that 
these employees will be exposed to 
unacceptably high levels of airborne 
asbestos fibers if they are not protected 
by an OSHA-approved State plan. See 
the Proposed WPR Economic Analysis 
(Economic Analysis) (Ref. 18). 
Therefore, as in 1994, EPA is proposing 
to expand the scope of the WPR to 
include all construction activities and 
custodial work involving ACM. This 
means that State and local government 
employees who remove non-friable 
ACM from buildings or perform 
building operations and inaintenance 
tasks would be covered by the WPR. In 
addition, EPA is proposing to expand 
the scope of the WPR to include all 
brake and clutch repair work. 

2. Specific differences between the 
1994 OSHA Standards and the current 
WPR-a. Classification scheme for 
asbestos construction projects. In 
general, all of the requirements of the 
1986 OSHA Construction Standard 
applied to all of the construction 
activities covered by the Standard. 
Projects of small-scale, short-duration 
were exempted from several of the 
provisions of the 1986 OSHA Standard, 
including those for negative pressure 
enclosures, competent person 
supervision, and decontamination areas. 
The current WPR likewise exempts 
small-scale, short-duration friable 
asbestos abatement projects from these 
requirements. 

This proposed rule would amend the 
current WPR by cross-referencing the 
OSHA Construction Standard, which 
creates a classification scheme for all 
asbestos construction projects and 
related custodial activities except for the 
installation of new asbestos-containing 
materials (29 CFR 1926.110l(b)). This 
classification scheme reflects the fact 
that many different kinds of asbestos 
projects are regulated by the OSHA 
Construction Standard, and worker 

protection needs may vary according to 
the type of project. The revised OSHA 
Construction Standard establishes the 
following four classes of asbestos 
projects, in descending order of risk: 

• Class I projects, involving removal
of asbestos-containing, or presumed 
asbestos-containing, thermal system 
insulation (TSl) and surfacing materials. 
Surfacing materials are materials that 
are sprayed or troweled or otherwise 
applied to surfaces. These materials 
include, for example, decorative plaster, 
acoustical material on decking, and 
fireproofing on structural members. TSI 
includes material applied to pipes, 
boilers, tanks and ducts. According to 
OSHA, these projects require the most 
stringent of controls, due to the 
prevalence of these materials and the 
likelihood of significant fiber release 
when disturbing them. Class I project's 
are regulated by the current WPR 
because they involve friable ACM. 

• Closs II projects, involving removal 
of all other ACM or presumed ACM. 
These projects involve materials such as 
floor or ceiling tiles and wallboard, 
which are referred to as "miscellaneous 
ACM" in EPA's Asbestos-in-Schools 
Rule (40 CFR 763.83), and other ACM 
on the exterior of buildings such as 
siding and roofing. Most Class II 
projects are not covered by the current 
WPR, since they involve non-friable· 
ACM. This proposal would extend. 
coverage of the WPR to all Class II 
projects. 

• Closs Ill projects, repair and 
maintenance activities involving the 
intentional disturbance of ACM or 
presumed ACM. Removal of ACM or 
presumed ACM under Class 111 is 
limited to the incidental removal of a 
small amount of material. for example, 
in order to repair a pipe or to access an 
electrical box. Class 111 projects 
involving friable ACM are generally 
regulated under the current WPR as 
small-scale, short-duration asbestos 
abatement projects. 

• Closs IV activities, maintenance 
and custodial activities where 
employees contact ACM and presumed 
ACM. These projects involve activities 
such as the repair or replacement of 
ceiling tiles, repair or adjustment of 
ventilation or lighting, dusting of 
surfaces, mopping of floors, or 
vacuuming of carpets. Class IV activities 
may also include sweeping, mopping, 
dusting, or vacuuming incidental to a 
Class I-111 regulated project. Most Class 
TV projects are not covered by the 
current WPR because they are not 
considered to be asbestos abatement 
projects. · 

Some of the requirements (for 
example, the PELs, specified work 

praclices and engineering controls, 
supervision by a competent person, and, 
in certain circumstances, regulated areas 
and training) apply to all construction 
projects and related custodial activities 
covered by the standard, including 
installation of new asbestos-containing 
materials. Work practices and 
engineering controls applicable to all 
projects include the use of wet methods 
(where feasible), HEPA vacuums, and, if 
necessary, ventilation systems to 
achieve compliance with the required 
PELs. All projects must be supervised 
by competent persons, but the training 
requirements for Class III and Class IV 
supervisors are much less stringent than 
for those persons supervising Class I 
and Class II projects. . 

Beyond these basic requirements, the 
current OSHA work practice and 
engineering control requirements are 
specific to each class of project and, for 
Class II projects, specific to the type of 
material being removed. These 
requirements are discussed in more _ 
detail under the heading "Methods of 
compliance for construction projects 
and associated custodial activities" in 

' Unit ll.A.2.h. 
b. Hazard communication. This 

' proposal would adopt the provisions 
from the OSHA General Industry and 
Construction Standards for the 
identification of asbestos hazards by 
building owners and employers and the 
communication of hazard information 
among building owners, employers, 
employees, and tenants (29 CFR 
1910.1001(j), 29 CFR 1926.1101(k)). 
Under these Standards, building owners 
and employers must identify the 
presence, location, and quantity of ACM 
in the worksite before work begins. Any 
TSI and surfacing materials in buildings 
constrocted earlier than 1981 must be 
presumed to contain asbestos, unless a 
person with the appropriate 
qualifications determines, in accordance 
with recognized sampling and analytical 
methods, that the material does not 
contain asbestos. 

If the material to be analyzed is in a 
school or a public or commercial 
building, then EPA's Model 
Accreditation Plan (MAP} requires the 
sampling to be done by a person 
accredited as an inspector under the 
MAP (40 CFR part 763, subfm E, 
Appendix C). If the materia is not in a 
building regulated by the MAP, e.g., it 
is on an outdoor installation, either a 
MAP·accredited inspector or a Certified 
Industrial Hygienist may perform the 
sampling. Resilient floor covering 
installed prior to 1981 must also be 
presumed to contain asbestos unless an 
industrial hygienist or a MAP
accredited inspector determines through 
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recognized analytical techniques that it 
.does not contain asbestos. Again, if the 
material to be sampled is in a building 
regulated by the MAP, then the 
sampling must be done by a MAP· 
accredited insl?ector. 

Results obtamed during an inspection 
that complies with the Asbestos-in
Schools Rule requirements at 40 CFR 
763.85(a) are sufficient to rebut the 
presumption that TSI, surfacing 
material, or resilient floor covering 
contains asbestos. Although not 
required by the OSHA Standards or the 
EPA MAP, bulk samples taken from 
school buildings regulated by the 
Asbestos Hazard Emergency Response 
Act (AHERA) must be analyzed by 
laboratories accredited by the National 
Institute of Standards and Technology 
(NIST). For a fuller discussion on the 
hazard communication provisions, see 
the OSHA preamble in the Federal 
Register of August 10, 1994 (Ref. 8, p. 
41013). -

Under these proposed amendments to 
the WPR. State and local government 
entities whose employees perform 
asbestos-related construction, custodial, 
or brake and clutch repair work would 

· be required to determine the presence, 
location and quantity of ACM or 
presumed ACM in the worksite. 
Allbaugh EPA recommends that State 
·and local governments make this 
determination based upon a full 
building inspection done by a MAP· 
accredited inspector, the minimum 
requirement is to identify three types of 
building materials (TSI, surfacing 
material, and resilient floor covering) 
that must be presumed to contain 
asbestos. EPA believes that the 
identification of types of building 
materials does not require the expertise 
of a MAP-accredited inspector, since no 
judgment as to asbestos content is being 
made. However, if there is some reason 
to suspect that other materials in the 
worksite may contain asbestos, or the 
employer wishes to rebut the 
presumption of asbestos content, and 
the project will be taking place within 
a public or commercial building, then 
the services of a MAP-accredited 
inspector will be required. 

This proposal would then require 
State and local government employers 
to provide their own employees, and 
other on-site public and private 
employers, with information on the 
presence, locatiOn and quantity of ACM 
and presumed ACM in the worksite, 
along with specific details on the nature 
o( the activity to be performed, 
requirements pertaining to regulated 
areas, and the measures that will be 
taken to prevent exposure to adjacent 
workers. 

Although the hazard.communication 
provisions of the OSHA Standards 
apply to building owners as well as 
employers, EPA is not proposing to 
extend these requirements to State and 
local government building owners who 
are not also employers: EPA believes 
that, in most cases, the employer and 
the building owner will be the same, 
i.e., both will be State ilgencies, or City 
agencies. If the building owner and the 
employer are the same,' then a separate 
provision imposing identification and 
communication obligations on the 
building owner is unnecessary. EPA 
requests comment on the extent to 
which this assumption may be 
incorrect. 

c. Project notifications. EPA is 
proposing to remove th'e current 
requirement that employers who plan 
an asbestos abatement project notify 
EPA at le~sllO days in-advance (40 CFR 
763.124). In 1994, OSHA considered 
and rejected a requ'iren:ient for 
employers to report all ·asbestos projects, 
except those of small-scale, short
duration, in advance. OSHA's decision 
was based on the fact that, since there 
are other existing Federal and State 
reporting requirements, additional 
reporting requirements in the OSHA 
Construction Standard would be 
burdensome for the employer without 
enhancing compliance. For a 
comprehensive discussion of OSHA's 
reasoning, see the Federal Register of 
August 10,1994 (Ref. 8, pp. 4097o-
40971). EPA agrees with this logic, since 
it is easily able to use reports received 
under the asbestos National Emission 
Standard for Hazardous Air Pollutants 
(NESHAP) regulations, 40 CFR part 61, 
subpart M, to target worker protection 
inspections. Two commenters on the 
1994 proposed amendments to the WPR 
argued that EPA should be consistent 
with OSHA on this subject. In addition, 
several other commenters noted that the 
notification requirement would become 
extremely burdensome with the 
increased number of projects covered by 
the expansion of the scope of the rule 
to non-friable removal projects and 
maintenance (Ref. 17). EPA would, 
however, adopt the OSHA reporting 
requirements for Class I alternative 
control methods as discussed under the 
heading "Methods of compliance for 
construction projects and associated 
custodial activities" in Unit ILA.2.h. 

d. Permissible exposure limits. This 
proposed amendment to the WPR would 
lower the PEL of 0.2 flee to 0.1 flee as 
an 8-hour, time-weighted average, 
OSHA's current PEL for all covered 
activities. 29 CFR 1910.1001(c). 29 CFR 
1926.1101(c). In 1994, OSHA lowered 
its PEL from 0.2 flee to 0.1 flee. For a 

comprehensive di'scUssion of OSHA's 
findings see the Federal Register of 
August 10,1994 (Ref. 8, pp. 40978-
40982). This proposal also retains a 
provision included in the 1994 
proposed WPR amendments under 
which employees would be protected by 
a short-term excursion limit of 1.0 flee 
for a 30 minute sainpling period. EPA 
did not receive any comments on this 
proposed excursion limit. Finally, EPA 
proposed in 1994 to allow employers to 
use an alternative PEL based upon 
results of Transmission Electron 
Microscopy (TEM). Several commenters 
stated that the proposed alternative PEL 
was not adequately supp_orted by 
science (Ref. 17), ·so EPA is withdrawing 
that portion of its 1994 proposal. 

e. MuW-employer worksiles. The 
current WPR requires State and local 
government employers to communicate 
information about the nature of asbestos 
work and regulated area requirements to 
other employers, whether public or 
private, on multi-employer worksites 
(40 CFR 763.12l(d)). This proposal 
would adopt by cross-reference the 
requirements of 29 CFR 1926.1101(d} of 
the OSHA Construction Standard for 
multi-employer worksites where 
construction and related custodial work 
is being performed. The OSHA 
Construction Standard requires 
employers whose-employees are 
performing construction and associated 
custodial activities within regulated 
areas to provide other on-site employers 
with information concerning the nature 
of the asbestos-related work, 
information on regulated areas, and 
information on the specific measures 
that will be taken to prevent exposure 
to other employees. In addition, this 
provision of the OSHA Construction 
Standard clarifies that while the 
employer who creates an asbestos 
hazard must abate it, other on-site 
employers are responsible for protecting 
their employees from the hazard by 
removing them from the area or 
conducting an exposure assessment and 
providing personal protective 
equipment if warranted. 

f. Regulated areas. Under the current 
WPR. employers must establish a 
regulated area where employee 
exposures on asbestos abatement 
projects exceed, or are expected to 
exceed, the PEL, and all persons 
entering regulated areas must wear 
respirators (40 CFR 763.121(e)). This 
proposal, by cross-referencing the 
OSHA General Industry Standard, 
would make these requirements 
applicable to State and local 
governments who employ brake and 
clutch repair workers (29 CFR 
1910.1001 (e)). 
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This proposal, by cross-referencing 29 
CFR 1926.1101(e) ofthe OSHA 
Construction Standard, would also 
require all Class I-III asbestos 
construction work to be conducted 
within a regulated area. This 
requirement is based upon OSHA's 
assessment of the construction activities 
most likely to produce exposures in 
excess of the PEL, as well as OSHA's 
concern with the significant risk that 
still remains for workers exposed to the 
PEL. OSHA's reasoning is discussed in 
the Federal Register of August 10,1994 
(Ref. 8, p. 40982). Although this 
proposal would require State and local 
government employers to establish, 
demarcate, and control access to 
regulated areas for most asbestos 
construction work, construction 
employees working within regulated 
areas would not automatically need to 
wear respirators unless otherwise 
required by the regulation. 

g. Exposure monitoring. The current 
WPR requires employers to perform 
initial employee exposure monitoring 
for each covered activity, unless the 
employer has historical data from 
similar operations showing exposures 
below the PEL, or the employer can 
produce objective data showing that the 
-material involved cannot release 
asbestos fibers in excess of the action 
level ofO.t flee (40 CFR 763.121(0). 
With respect to employees performing 
construction activities and associated 
custodial work, this proposal. by cross
referencing the OSHA Construction 
Standard, would modify the 
requirements for initial and periodic 
monitoring to reflect increased 
awareness that numerous factors 
influence employee exposure on 
construction jobs and that initial 
monitoring alone may not be the best 
predictor of future exposures. For more 
information on these considerations, see 
the Federal Register of August 10, 1994 
(Ref. 8, pp. 40983--40984). 

The OSHA Construction Standard 
requires a competent person to make an 
initial exposure assessment (29 CFR 
1926.1101(£)). This assessment involves 
a review of inilial monitoring data, 
previous monitoring data from the same 
workplace or employer, and other 
factors such as the training and 
experience of the employees who will 
perform the work, the work practices 
they will use, and the degree and 
quality of supervision that will be 
provided. In many cases, the competent 
person will be able to make a negative 
exposure assessment, a determination 
that employee exposures will be 
consistently below the PELs, based 
upon one ofthree things: 

• Objective data which demonstrate 
that the product or activity involved is 
incapable of producing airborne 
asbestos concentrations in excess of the 
PELs. 

• Recent monitoring data from 
previous asbestos jobs which closely 
resemble the current activity with 
respect to processes, material types, 
control methods, work practices, 
environmental conditions, and 
emplo:yee training and experience. 

• lmtial monitoring data from the 
current asbestos job. 

Unless a negative exposure 
assessment can be made, the employer 
must conduct daily exposure 
monitoring to ensure compliance with 
the exposure limits. 

For general custodial work and brake 
and clutch repair activities, this 
proposal would,-by cross-referencing 
the OSHA General Industry Standard. 
require air monitoring only for activities 
where exposures exceed, or can 
reasonably be expected to exceed a PEL, 
and the employer does not have 
historical data from similar operations 
or objective data concerning the 
material which indicates that exposures 
will be below the PEL (29 CFR 
1910.100t(d)). 

h. Methods of compliance for 
construction projects ond associated 
custodial activities. This proposal cross
references the OSHA Construction 
Standard requirements for engineering 
controls and work practices (29 CFR 
1926.1101(g)). Where necessary to 
achieve the PEL, the current WPR 
requires one or more of the following: 
HEPA vacuums, wet methods where 
feasible, and prompt cleanup and 
disposal of asbestos-containing waste 
and debris. These three general control 
processes would become mandatory 
under this proposal for all asbestos 
construction work. The remaining 
control processes mentioned in the 
existing 40 CFR 763.121(g), local 
exhaust ventilation, general ventilation 
systems, and enclosure/isolation of 
dust-producing processes, are only 
required by the OSHA Construction 
Standard where necessary to achieve the 
PELs. 

Under the current WPR, employers 
are required, if feasible, to use negative 
pressure enclosures for all projects that 
are not of small-scale, short-duration (40 
CFR 763.121(e)(6)). For Class I projects, 
this proposal would cross-reference the 
OSHA Construction Standard, which 
gives employers the flexibility to 
choose, depending upon the type of 
project, from several different 
engineering control systems, including 
negative pressure enclosures, glove 
bags, negative pressure glove bag 

systems, negative pressure glove box 
systems, water spray process systems .• or 
mini-enclosures (29 CFR 1926.1101{g)). 
Alternative control methods may be 
used, so long as a competent person is 
able to certify that the methods would 
be adequate to redU:ce employee 
exposUres below the PEL and that 
asbestos contaminatiOn beyond the 
regulated area will not occur. If the 
Class I project involves more than 25 
linear or 10 square feet of ACM. this 
determination must be made by a 
certified industrial hygienist or a 
licensed professional engineer who is 
also qualified as a project designer, and 
the Director, NatiOnal. Program 
Chemicals Division, Office of Pollution 
Prevention and ToxiCs, EPA, must be 
notified in advailce .. Additional 
requirements for Clas·s I projects include 
critical barriers, or other methods to 
prevent the migration of fibers off-site, 
impermeable drop cloths for surfaces, 
and sealing of the HVAC system. 

Class II projects are generally not 
covered by the current WPR unless they 
involve friable ACM or previously non
friable ACM which has become 
damaged to the point that it can be 
considered friable. This proposal, like 
the 1994 proposal, would extend 
coverage of the WPR to all c'onstruction 
work involving ACM, whether friable or 
non-friable. This proposal would cross
reference the OSHA ConstrUction 
Standard which, in addition to the basic 
control requirements for all construction 
work, requires employers to follow 
specific work practices and use specific 
engineering controls for different types 
of ACM, including resilient floor 
coverings, roofing material, 
cementitious siding and transite panels, 
and gaskets. For example, with respect 
to the removal of resilient floor 
coverings, 29 CFR 1926.1101(g)(8)(i) 
prohibits sanding of flooring or backing, 
rip-up of resilient sheet material, and 
dry sweeping/scraping. In addition, 
mechanical chipping of resilient floor 
covering is prohibited unless it is 
performed in accordance with the 
requirements for Class I projects. For all 
specified Class II projects, critical 
barriers or other isolation methods must 
be used, and the surfaces must be 
covered with impermeable drop cloths. 
As with Class I projects, Class II projects 
may be conducted with alternative 
control methods, as long as a competent 
person evaluates the project area and 
certifies that the alternative controls are 
sufficient to reduce employee exposure 
below the PELs. For Class II projects, 
however, the employer is not required 
to notify the Agency. 

Many Class III activities are currently 
covered by the WPR as small-scale, 
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short-duration asbestos abatement 
projects. Several of the control methods 
required by 29 CFR 1926.1101(g)(9) of 
the OSHA Construction Standard for 
Class III projects (wet methods, local 
exhaust ventilation as feasible, and, 
under specified circumstances, 
impermeable drop cloths and isolation 
methods) are essentially the same as the 
current WPR requirements in 40 CFR 
763.121(g). If, for a particular Class Ill 
project, the employer is unable to 
produce a negative exposure assessment 
or monitoring results show the PEL has 
been exceeded, the OSHA. Construction 
Standard requires the employer to use 
impermeable drop cloths and plastic 
barriers or their equivalent or one of the 
listed Class I control methods, such as 
a negative pressure enclosure or a glove 
bag. 

Class IV activities are not currently 
covered by the WPR. This proposal 
would extend the scope of the WPR to 
cover Class IV activities. In addition, 
this proposal would crOss-reference the 
OSHA Construction Standard, which 
requires employers conducting Class N 
activities to use general control · 
measures, such as wet methods, HEPA 
vacuums, and prompt cleanup (29 CFR 
1926.1101(g){10)). However, employees 
performing Class IV aclivilies must be 
provided with respirators if they are 
performing housekeeping activities in a 
regulated area where other employees 
are wearing respirators. ' 

i. Methoas of compliance for broke 
and clutch repair activities. This 
proposal would require State and local.· 
government employers whose 
employees perform brake and clutch 
repair activities to comply with the 
OSHA General Industry Standard. In 
addition to general worker protection 
provisions, such as PELs, exposure 
monitoring, and respiratory protection, 
the OSHA General Industry Standard 
requires employers to use one of two 
primary methods for controlling 
employee exposure to asbestos during 
brake and clutch repair (Appendix F to 
29 CFR 1910.1001). 

The Negative Pressure Enclosure/ 
HEPA Vacuum System method requires 
the work to be performed within a 
sealed enclosure similar to a glove bag, 
with impermeable sleeves through 
which the worker may handle brake and 
clutch components. Negative pressure 
must be maintained within the 
enclosure while the work is being 
performed. This method is virtually 
identical to the Enclosed Cylinder/ 
HEPA Vacuum method in EPA's 1994 
proposal, but OSHA changed the name 
of this method to reflect the fact that the 
enclosure does not necessarily have to 
be in the shape of a cylinder. The Low 

Pressure/Wet Cleaning method requires 
the brake and clutch components to be 
kept adequately wel, using a low 
pressure water now and a catch basin, 
while repair activities are taking place. 
Employers whose employees perform 5 
or fewer brake and clutch repair jobs per 
week may use less complex wet 
methods to control employee exposures 
during the projects. An employer could 
use an alternative control method if the 
method was demonstrated to control 
employee exposures at ·least as well as 
the Negative Pressure Enclosure/HEPA 
Vacuum method. 

j. Methods of compliq.nce for general 
custodial activities. This proposal 
would require State an9 local 
government employers whose 
employees perform custodial activities 
not associated with construction 
projects to comply with the OSHA 
General Industry Standard. In addition 
to general worker protection provisions, 
such as PELs, exposure monitoring, and 
respiratory protection, the OSHA 
General Industry Standard and 
Construction Standard contain identical 
specifications for resilient floor covering 
maintenance. The Standards ban 
sanding, allow stripping only using wet 
methods with a low abrasion pad at 
slow speeds, and prohibit dry buffing 
unless the finish on the floor is 
sufficient to prevent the pad from 
coming into contact with the floor 
material (29 CFR 1910.·1001 (k)(7), 29 
CFR 1926.1101(1)(3)). This is generally 
consistent with EPA's existing guidance 
on Ooor maintenance (Ref. 19). 

k. Respiralors. The current WPR 
requires employers to supply respirators 
to employees entering regulated areas 
(40 CFR 763.121(e)(4)). This proposal 
would cross-reference the OSHA 
General industry and Construction 
Standards (29 CFR 1910.1001(e), 29 CFR 
1926.1101(h)), which require respiratory 
protection for employees performing the 
following activities: 

• Class I projects. 
• Class II projects where ACM is not 

removed intact. 
• Class II-TII projects that do not use 

wet methods. 
• Class II-III projects for which a 

negative exposure assessment has not 
been made. 

• Class III projects involving the 
disturbance ofTSI or surfacing material. 

• Class IV work in regulated areas 
where other employees are wearing 
respirators. 

• Any other activities where asbestos 
exposure exceeds either of the PELs. 

• Emergencies. 
OSHA determined that respiratory 

protection was necessary for employees 
performing these activities due to the 

variability in exposures experienced 
during asbestos work, the need to 
protect workers who are disturbing 
ACM with the greatest potential for 
significant fiber release, and the fact that 
exposure monitoring results are not 
always available in a timely fashion. 
OSHA's findings are discussed in the 
Federal Register of August 10,1994 
(Ref. 6, p. 41010). 

In addition, EPA's 1994 proposed 
amendments to the WPR cross· 
referenced the relevant portions of 29 
CFR 1910.134, the OSHA Respiratory 
Protection Standard. In 1996, OSHA 
substantially revised this Standard (Ref. 
14). This proposal would adopt by 
cross-reference the appropriate 
provisions of the revised OSHA 
Respiratory Protection Standard. The 
following is a discussion of 
requirements of the OSHA Respiratory 
Protection Standard that are not a part 
of the current WPR respirator 
requirements. 

Employers who are required to supply 
their employees with respirators must 
develop and implement a respiratory 
protection program. Under 29 CFR 
1910.134.(c), the program must be in 

' writing, updated as necessary, with 
workplace-specific procedures 
addressing the following major 
elements: 

• Procedure for selecting respirators. 
• Medical evaluations of employees 

required to use respirators. 
• Fit testing procedures for tight

fitting respirators. 
• Procedures for proper use of 

respirators in routine and (reasonably 
foreseeable) emergency situations. 

• Procedures and schedules for 
cleaning, disinfecting, storing, 
inspecting, repairing, discarding, and 
otherwise maintaining respirators. 

• Procedures to ensure adequate air 
quality, quantity, and flow of breathing 
air for atmosphere-supplying 
respirators. 

• Training of employees in the 
respiratory hazards they are potentially 
exposed to. 

• Training of employees in proper use 
of respirators, including putting on and 
removing them, any limitations on their 
use, and their maintenance. 

• Procedures for regularly evaluating 
program effectiveness. 

Employers must designate a person to 
administer and evaluate the respiratory 
protection program (29 CFR 
1910.134(c)(3)). This administrator must 
have training and/or experience 
commensurate with the complexity of 
the particular program. 

Under 29 CFR 1910.134(d), the 
employer must provide respirators that 
are appropriate to the workplace and to 
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user factors that affect respirator 
performance and rel.iability, such as 
humidity, communication needs, and 
exertion levels. (See discussion at Ref. 
14, p. 1196.) The employer must choose 
from a sufficient number of respirator 
models and sizes in order to properly fit 
the wearer (29 CFR 1910.134(f)). 

Currently, the WPR requires an initial 
fit test, then, for negative-pressure 
respirators only, fit tests every 6 months 
(40 CFR 763.121(h)(4)). By adopting the 
OSHA Respiratory Proteclion Standard 
by cross-reference, this proposal would 
lengthen the interval to a year, but 
periodic fit test would be required for 
all tight-fitting respirators, whether 
positive or negative pressme. As in the 
current WPR, fit testing would have to 
be accomplished using one or more 
OSHA-approved protocols, In addition 
to the rigorous fit testing requirements, 
the OSHA Respiratory Protection 
Standard requires brief, easy-to:perform 
fit checks each time the respirator is 
worn {29 CFR 1910.134(g){1)(iii)). (See 
discussion at Ref. 14, p. 1239.) 

The OSHA Respiratory Protection 
Standard at 29 CFR 1910.134(h) requires 
specific respirator cleaning and 
maintenance praclices, although an 
employer may choose to follow the 
_instructions of the respirator 
manufacturer if they are sufficient to 
accomplish the same objectives such as 
sanitation and proper operation. The 
specific practices to be incorporated 
were compiled by OSHA from various 
sources, including recommendations by 
the American National Standards 
Institute (ANSI), the National Institute 
for Occupational Safety and Health 
(NIOSH), and the American Industrial 
Hygiene Association (AIHA). 

-Employees must be trained in specific 
elements of proper respirator use and 
care, including the need for respirators, 
their limitations, emergency procedures, 
maintenance, inspection, storage, and 
medical signs and symptoms that may 
limit respirator effectiveness (29 CFR 
1910.134(k)). 

Finally, 29 CFR 1910.134(m) requires 
employers to keep records of employee 
fit tests, including the employee's name, 
the type of test, the specific make/model 
of respirator tested, the date of the test, 
and the results of the test. The employer 
must only retain the most recent fit test 
records for each employee. 

I. Protective clothing. The current 
WPR requires properly maintained and 
laundered protective clothing for 
employees exposed above the PEL (40 
CFR 763.121{i)). This proposal would 
adopt the OSHA General Industry and
Construction Standards, which require 
protective clothing to be provided 
where employees are exposed above the 

PELs, where the possibility of eye 
irritation exists, where a negative 
exposure assessment cannot be made for 
a particular project, or where employees 
are performing Class I operations 
involving the removal of over 25 linear 
or 10 square feet of TSI or surfacing 
ACM or PACM (29 CFR 1910.1001(h), 
29 CFR 1926.110l(i)J. In addition, rather 
than the periodic inspections required 
by the current WPR, the Construction 
Standard requires the competent person 
to inspect employee worksuits at least 
once each shift for rips or tears. 

m. Hygiene facilities and practices. 
This proposal would adopt the hygiene 
requirements of the OSHA General 
Industry and Construction Standards 
{29 CFR 2910.1001(i), 29 CFR 
1926.1101 (j)). For Class I construction 
projects involving more than 25 linear 
or 10 square feet of ACM, the OSHA 
requirements are identical to the current 
WPR provisions for projects that are not 
of small-scale, short-duration (40 CFR 
763.12t(j)). OSHA determined in 1994 
that such stringent measmes were not 
necessary for smaller Class I projects or 
other classes of construction work. For 
smaller Class I projects, and Class II and 
III projects where exposures exceed a 
PEL or where a negative exposure 
assessment is not produced, the 
employer must provide an equipment 
room or area where contaminated 
worksuits are HEPA-vacuumed and then 
removed. Again, if Class IV workers are 
performing housekeeping activities 
within a regulated area, they must 
follow the same hygiene practices as the 
other employees working in that area. 
For general custodial workers and brake 
and clutch repair workers, the OSHA 
General Industry Standard, which 
would be adopted by cross-reference, 
requires employers to provide clean 
change rooms, showers, and clean lunch 
rooms (29 CFR 1910.1001(i)). For all 
workers, this proposal would also 
adopt, by cross-reference, OSHA's ban 
on smoking in work areas that was 
proposed by EPA in 1994 (29 CFR 
1910.100l(i)(4), 29 CFR 1926.1101(j)(-4)). 

n. Communication of hazards. This 
proposal would adopt by cross-reference 
the requirement in the OSHA General 
Industry and Construction Standards 
that employers determine the presence, 
location, and quantity of ACM and 
presumed ACM (TSI, surfacing material, 
and resilient noor covering) in the 
worksite before work begins (29 CFR 
1910.1001(j), 29 CFR 1926.1101(k)). If 
ACM or presumed ACM is discovered in 
the worksite after the project has been 
started, the employer must inform other 
on-site employers of the discovery. 

Under tlie OSHA Standards, 
employers must also post signs at the 

entrance to mechanical rooms that 
contain ACM or presumed ACM~ These 
signs must identify the material, its 
location, and appropriate procedures for 
preventing a disturbance. As currently 
required by the WPR at 40 CFR 
763.12t{k)(l)(i), sigD.s must be posted 
for regUlated areas, but the OSHA 
Standards language· regarding 
respirators and protective clothing may 
be omitted if the employees "are not 
required to wear them within that 
particular regulated area. The OSHA 
Standards include the requirement 
proposed by EPA in 1994 that 
employers ensme: their employees 
comprehend the warning signs and 
labels, using, if_neceS;sary, such 
techniques as foreigJ:~)aitguages, 
pictographs, graphics, and awareness 
training (29 CFR 19Hi.t001{j)(3), 29 CFR 
1926.1101(k)(3)). 

Also, by cross-referencing the OSHA 
Construction Standard. this proposal 
would adopt the different OSHA 
training requirements for different 
classes of construction wOrk and 
associated custodial activities (29 CFR 
1926.1101(k)(9)). Under the OSHA 
Construction Standard, employees 
performing Class I pr"ojects must have 
MAP worker accreditation or the 
equivalent. If the project will be 
undertaken in a school or a public or 
commercial building, MAP worker 
aCcreditation is required. If the project 
is in an area unregulated by the MAP, 
such as in an outdoor installation, 
equivalent training is permitted. Class II 
work generally inyolves non-friable 
ACM, so MAP accreditation is not 
required unless the project involves 
friable ACM and is located within a 
school or a public or commercial 
building. The OSHA Construction 
Standard requires Class II workers to 
receive training in the material-specific 
work practice and engineering control 
requirements pertaining to the type of 
material{s) that they will be disturbing. 
Class II training must take at least 6 
hours and include a hands-on 
component. Class III workers must have 
16 hours of training in a course which 
meets the requirements of the 
maintenance and custodial training 
required under the AHERA regulations 
at 40 CFR 763.92(a)(2). Class N workers 
must have at least two hours of 
awareness training equivalent to the 
training described in the AHERA 
regulations at 40 CFR 763.92(a)(l). 
Notwithstanding the specific training 
provisions for each class, the OSHA 
Construction Standard at 29 CFR 
1926.1101 (k)(9) requires employers to 
ensure that employees performing Class 
I-IV projects and employees who are 
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likely to be exposed in excess of the PEL 
are trained in the basic elements 
currently identified in the WPR at 40 
CFR 763.121(k)(3){iii}. 

The OSHA Construction Standard 
also includes the requirements to 
provide employees with smoking 
cessation information as well as 
information concerning posting signs 
and affixing labels and their meaning 
that were proposed by EPA "in 1994 {29 
CFR 1926.1101(k)(9)(viii)(J)). Finally, 
the OSHA Construction Standard 
requires employers to teach Class III-N 
workers the contents of "Managing 
Asbestos In Place" (the Green Book) 
(EPA ZOT-2003, July 1990), or its 
equivalent (29 CFR 
1926.1101 (k)(9)(viii}(D)). 

With regard to training for general 
custodial employees and brake and 
·clutch repair workers, this proposal 
would adopt the OSHA General 
Industry Standard, which includes 
required training elements similar to 
those found in the current WPR (29 CFR 
1910.1001(j)(7), 40 CFR 
763.121{k}(3)(iii)). . 

o. Housekeeping. By adopting the 
OSHA General Industry and 
Construction Standards by cross
reference, this proposal would establish 
requirements for resilient ·floor covering 
maintenance by State and local 
government employees. The Standards 
ban sanding, allow stripping only using 
wet methods with a low abrasion pad at 
slow speeds, and prohibit dry buffing 
unless the finish on the floor is 
sufficient to prevent the pad from 
coming into contact with the floor 
material (29 CFR 1910.1001(k)(7), 29 
CFR 1926.1101(1)(3)). The Standards are 
generally consistent with EPA's existing 
guidance on floor maintenance (Ref. 19). 

p. Medical surveillance. The WPR 
currently requires medical surveillance 
for persons exposed at or above the 
action level of 0.1 flee for 30 or more 
days per year (40 CFR 763.121(m)). For 
general custodial workers and brake and 
clutch repair workers. this proposal 
would adopt by cross-reference the 
OSHA General industry Standard 
requirement for medical surveillance for 
all workers exposed to asbestos 
concentrations at or above the PELs for 
any number of days per year (29 CFR 
1910.1001(1}). For construction workers. 
this proposal would require, by cross
reference to the OSHA Construction 
Standard, medical surveillance for 
employees who perform Class I, II. or III 
work on, or who are exposed at or above 
a PEL for, 30 or more days per year 
(Class II or Til work for an hour or less 
on intact ACM does not count as a day 
for the purposes of this requirement) (29 
CFR 1926.1101{m}(l )(i}{A)). 

q. Recordkeeping. The current WPR The current WPR covers State and 
recordkeeping requirements would not local government employees, including 
be changed by this proposal. except that employees of public schools who are 
data used to rebut the presumption that involved in friable asbestos abatement 
TSI, surfacing material, or resilient floor projects. The Asbestos-in-Schools Rule 
covering is ACM must be retained by (40 CFR part 763, subpart E), issued 
the employer for as long as the data are under the authority of AHERA. extends 
relied upon to rebut the presumption WPR protections to employees of public 
(40 CFR 763.121{n); 29 CFR local education agencies when they are 
1919.1001(m); 29 CFR 1926.1101{n)). performing small·scale, short-duration 
This proposal would also permit O&M activities involving asbestos-
employers to use competent containing materials. Appendix B to the 
organizations to maintain necessary Asbestos-in-Schools Rule describes 
records. appropriate worker protection practices 

r. Competent person. The current for these employees. 
WPR requires a competent person to Since this proposal would provide 
supervise asbestos abatement projects coverage for all construction work, 
that are greater than small·sca\e, short- including O&M activities, to employees 
duration activities (40 CFR of public local education agencies in 
763.121(e)(6)). The OSHA Construction States without OSHA·approved State 
Standard at 29 CFR 1926.1101(0). which plans, the specific provisions at40 CFR 
this proposal would adopt by cross- 763.91(b) covering O&M activities by 
reference, extends the competent person employees of public local education 
supervision requirement to all agencies, as well as the provisions of 
construction projects and associated Appendix B, would be unnecess»rv. 
custodial work. The Construction - J 

Standard also expands and clarifies the EPA is therefore proposing to delete 
Appendix Band amend § 763.9t(b) to 

responsibilities and required training for refer readers 10 the WPR. 
competent persons. Competent persons . 
who supervise Class I or Class II projects 4: Plam language. EPA has drafted the 
must be MAP-accredited contractor/ ' revtsed regulatory text of the WPR 
supervisors or the equivalent. taking into account the June 1. 1998. 
Equivalent training is permitted unless ' Presidential Memorandum on Plain 
the project being supervised involves Language (available at http:/! 
friable material in a school or a public www.plainlanguage.gov/cites/ 
or commercial building. Competent memo.htm), and its implementing 
persons who supervise Class III or Class guidance. Using plain language clarifies 
IV activities must have at least 16 hours what the WPR requires. and saves the 
of training which meets the government and the private sector time, 
requirements of 40 CFR 763.92(a)(2) for effort, and money. EPA has used plain 
local education agency maintenance and language to give the WPR a logical 
custodial staff, or its equivalent in organization and easy-to-read design 
stringency, content and length. The features. in the process, EPA has deleted 
competent person must make regular from the proposed rule the current 
inspections ofthe worksite, at least once sections on enforcement and 
per workshift for Class I projects, and inspections (40 CFR 763.125 and 
must also be available for inspections 763.126). These sections are 
upon request. Competent persons are unnecessary. as they restate 
generally responsible for ensuring requirements in TSCA sections 11, 15, 
compliance with the various regulatory 16, and 17. Accordingly. EPA will 
requirements, including notifications continue to enforce the WPR and 
and initial exposure assessments. The conduct inspections. 
competent person requirements do not 5. State exemptions. The 1994 
apply to brake and clutch repair proposal would have revised§ 763.122 
operations or to general custodial to adopt a process of State exclusions 
activities not associated with from the WPR that was substantively the 
construction projects. same as that followed under the 

3. Proposed amendment to the Asbestos-in-Schools Rule {40 CFR 
Asbestos-in·Schoo/s Rule. As in 1994. 763.98). EPA has re-examined its 
EPA is again proposing to amend the authority under TSCA section 18, and is 
Asbestos-in-Schools Rule to remove the not including those changes in this 
provisions that extend WPR protections proposed rule. Instead. EPA is 
to employees of public school systems proposing to revise the current language 
when they are performing operations, to conform to TSCA section 18 and to 
maintenance and repair (O&M} activities use plain language. This proposal would 
(40 CFR 763.91(b)). The expanded scope also redesignate this section as 
of the proposed WPR would make these § 763.123 because of other structural 
provisions unnecessary. changes to 40 CFR part 763. subpart G. 
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B. What is the Agency's Authority for 
Taking this Action?' 

1. Finding of unreasonable risk. 
Under TSCA section 6(a), if EPA finds 
that the manufacture, processing, 
distribution in commerce, use or 
disposal of a chemical substance or 
mixture, or any combination of these 
activities, presents, or will present, an 
unreasonable risk of injury to health or 
the environment, EPA shall by rule 
apply requirements to the substance or 
mixture to the extent necessary to 
protect adequately against the risk. 
Asbestos is a chemical substance or 
mixture that falls within the scope of 
this authority. In deciding whether to 
propose this rule under TSCA section 
6(a), EPA considered: 

• The health effects of asbestos. 
• The magnitude of human exposure 

to asbestos. 
• The environmental effects of 

asbestos and the magnitude of the 
exposure of the environment to 
asbestos. 

• The benefits of asbestos for various 
uses and the availability of substitutes 
for those uses. 

• The reasonably ascertainable 
economic consequences of the proposed 
rule, after consideration of the effect on 
the national economy, small business, 
technological innovalion, the 
environment, and public health. 

• The social impacts of the proposed 
rule. 

See 15 U.S.C. 2601(c) and 2605{c)(1). 
EPA's consideration ofthese factors in 
proposing this rule is summarized in 
this unit. Additional information on 
many of these factors can be found in 
the Economic Analysis (Ref. 18). 

a. Health effects of asbestos. Asbestos 
is found in building products such as 
insulation, ceiling and floor tiles, 
spackling tape for drywall, and roofing 
products. In general, asbestos contained 
in such products is considered harmless 
unless the matrix of asbestos fibers is 
disturbed or deteriorates. A disturbance 
occurs when ACM is abraded, cut, tom 
or penetrated in such a way that fibers 
are separated from one another and are 
released into the air where workers and 
others can inhale them. The primary 
route of human exposure is through the 
respiratory system, although other 
exposure routes (through ingestion or 
dermal contact, for example) are 
possible. Five respiratory illnesses are 
associated with asbestos exposure. 

• Carcinoma of the lung (lung 
cancer). Carcinoma of the lung is a term 
used to refer to several types of cancer 
of lung tissue. The cancers usually affect 
the larger airways in the lungs. but may 
sometimes also appear in the smaller 

airways and peripheral parts of the 
lungs. Asbestos-related lung cancer 
occurs primarily in people with some 
degree of asbestosis (especially 
moderate to severe asbestosis) who also 
smoke. The combination of asbestos· 
exposure and smoking is between 
additive and multiplicative; some 
studies cite a 5-fold increase in the risk 
of lung cancer in asbestos-exposed 
nonsmokers versus a 60-fold increase in 
asbestos-exposed smokers. Lung cancer 
usually occurs many years after asbestos 
exposure. and is nearly always fatal. 

• MaHgnanl mesothelioma of the 
pleura and peritoneum. Mesothelioma 
is a form of cancer that produces 
malignancies in the lining of the lung 
and chest cavity (pleura) and the lining 
of the abdominal organs and cavity {the 
peritoneum). The disease appears to be. 
largely or wholly unrelated to smoking. 
Unlike lung cancer, which occurs in· 
asbestos-exposed and unexposed 
smokers alike, malignant mesotheliomas 
occur mainly in asbestos-exposed 
individuals. Like lung cancer, 
mesothelioma usually occurs many 
years after exposure, and is always fatal. 
Mesothelioma is much less common 
than lung cancer, representing about 
10% of lung cancer incidents. 

• Asbestosis. Asbestosis is a chronic 
and progressive lung disease caused by 
inhaling asbestos fibers, which 
penetrate and irritate the outer parts of 
the lungs. This, in turn, causes 
inflammation and, eventually, 
increasingly severe pulmonary fibrosis 
(thickening and scarring of lung tissue). 
As the tiny airways, air sacs, and related 
lung tissue become thicker and scarred, 
there is less space for air to pass 
through, so lung capacity declines. In 
addition, the lung tissue stiffens, 
making it more difficult to push air in 
and out. In the extreme, extensive 
fibrosis of the lungs causes the airways 
and air sacs to become so scarred and 
stiff that they cannot function well 
enough to sustain life, and respiratory 
failure and death ensue. The time from 
asbestos exposure to onset of asbestosis 
varies with the level of exposure, with 
higher exposures reducing the time till 
onset. Asbestosis will exacerbate other 
respiratory diseases (e.g., carcinoma of 
the lung) and will hasten death in 
individuals with other respiratory risk 
factors (i.e .. smokers). 

• Pleural effusion leading to diffuse 
pleural thickening. Inhalation of 
asbestos fibers can lead to pleural 
conditions as the fibers become trapped 
on the pleural membranes. Asbestos
related pleural effusion is an 
accumulation of fluid between the two 
pleural membranes caused when 
asbestos fibers become trapped between 

the pleural membranes. One pleural 
membrane lines the lungs, while the 
other membrane lines the chest cavity. 
Normally, the two membranes lie very 
close to each other, sliding gently across 
each other during breathing. 
Accumulation of fluid causes the 
membranes to separate in the area of the 
fluid, usually making breathing more 
difficult and painful. Pleural effusion 
can cause the pleural membranes to 
thicken from irritation and infiltration 
of immune cells. Occasionally, the 
pleural membranes may fold in on 
themselves, crowding and trapping a 
piece of lung tissue. The resulting 
condition, called rounded atelectasis, is 
more likely to be symptomatic, but 
nevertheless is fairly benign, although 
the folding and lung tissue trapping can 
become larger over time, decreasing 
lung capacity and leading to shortness 
of breath. Pleural effusion usually 
occurs 10 to 15 years after continuous 
exposure to asbestos, and is rarely fatal. 

• Pleural plaques. Deposits of 
asbestos fibers on the pleural membrane 
can sometimes become calcified, 
forming asbestos-related pleur"al 

• plaques. Local areas of pleural 
thickening resemble pleural plaques and 

' have similar clinical features. Pleural 
plaques are more common in 
overweight people, including many 
smokers. By causing portions of lung 
tissue to stiffen, they can impair lung 
function, making it harder to breathe, 
especially during exertion. In general, 
though, they are relatively benign and 
rarely fatal. Pleural plaques occur 
approximately 10 to 15 years after 
asbestos exposure. 

b. Human exposure to asbestos. The 
proposed rule would provide protection 
for State and local government 
employees involved in asbestos-related 
work in States that do not have OSHA
approved State plans. The activities that 
would be covered by the proposed rule 
include the following six categories of 
work: 

• New construction activities, which 
include all projects involving the 
installation of new asbestos-containing 
building materials, expected to be 
predominately asbestos-cement sheet 
and asbestos-cement pipe. 

• Abatement activJlies, which include 
the removal af asbestos-containing TSI 
from pipes and boilers and other types 
of ACM or presumed ACM in buildings. 

• Renovation activiUes, which 
include general building renovation 
projects. EPA believes that most ofthese 
projects will involve the demolition of 
drywall that has been sealed with 
asbestos-containing taping materials. 
and the removal of asbestos-containing 
roofing felts. 
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• Maintenance activities, which 
include repair and maintenance of 
pipes, boilers, furnaces, roofing, 
drywall, noor and ceiling tiles, lighting, 
and ventilation, heating, and air 
conditioning systems. 

• Custodial work, which includes 
dusting, sweeping and vacuuming. 

• Brake and clutch repair work. 
The following table summarizes the 

baseline asbestos exposures for workers 
performing these activities, as well as 

the incremental e~posure reductions 
expected to be achieved through this 
rulemaking. For most activity categories, 
EPA estimates that worker exposures 
will decrease by at least one order of 
magnitude. 

Activity 

New Construction 
AJC pipe Installation 
AJC sheet installation .................... . 

Subtotal · 
Abatement 

Building abatements ..................... . 
Boiler/pipe abatements 

Subtotal 
Renovation 

Drywall demolition ........ . 
Roofing felt removal •.•••• 

Subtotal 
Maintenance (Class ttl) 

Repair leaking pipes •.•.•..................• 
Repairfmaintain furnaces/boilers 
Repair roofing ..•.•.••.. . ..••••.•.•..•.•. 
Repair drywall ..•.•...........•.•.••• 
Repair/replace lloor Iiles ...• 

Subtotal 
Maintenance (Class IV) 

Repairfreplace ceiling tiles ......•..•.•...• 
Repair/adjust ventilation/lighting •.•... 
Repair heating/air conditioning 
Other work above drop ceilings ... 

Subtotal 
Custodial worK ................. . 
Brake and clutch repair 

low pressure/wet cleaning method 
Aerosol spray method ... 
Wet methods .. .. .................. .. 

Subtotal 
Building occupants ................ .. 
School children ...... . 
Totals 

All activities .................................... . 
All activities. excluding school chil-

dren. · 
All activities, excluding school chil

dren and building occupants. 

See Table 3-3 of the Economic 
Analysis (Ref. 18). 

EXPOSED POPULATION AND EXPOSURE LEVELS 

Classfcategory of 
~"' 

Population exposed 
in the initial year of 

the rule (FTEs) 

Exposure levels 

NA ........................... . 
NA. .. .............. .. 

8 ................... . 
100 
106 

I ................................ 25 .. . 
I .. ................... 15 

40 

11 .............................. 2,050. 
11 ............................... 89 ........................ . 

111 ............................. . 
111 ............................. . 
JIJ ............................ .. 
Ill 
m ............... .. 

IV .......................... . 
IV 
IV ........................... .. 
IV ............................ . 

IV ............................ . 

Gl ........................... .. 
Gl ........................... .. 
Gl ........................... .. 

NA ........................... . 
NA .......................... . 

2,140 

70 .... .. 
72 .... .. 
148 .. . 
226 .............. . 
376 
892 

4 ... 
68 ............................ . 
62. 
19. 
153 
51,752 .................. . 

2.032 .. .. 
1,451 .... . 
2,322 ...... . 
5,805 
4,007,710 ................ . 
20,781,696 

24,850,296 ............... . 
4,068,600 

60,890 .... 

Baseline 

0.0350 . 
0.1000 .............. . 

0.1801 ................... . 
0.1801 . 

0.1130 . 
0.0900 ...................... . 

0.1624 . 
0.1624 
0.0900 .............. .. 
0.1130. 
0.0240 . 

0.0714 .... 
0.0319. 
0.0319. 
0.0492 ................ . 

0.0459 . 

0.0041 ................ . 
0.0141 
0.0122 

0.00008 . 
0.00008 

asbestos as children while attending 
public schools in the covered States. 
EPA expects that these individuals 
primarily face risks from lung cancer 
"and mesothelioma as adults based on 
their exposure as children. 

0.0025 
0.0072 

0.0104 
0.01.04 

0.0065 
0.0063 

0.0014 
0.0094 
0.0063 
0.0002 
0.0003 

0.0018 
0.0008 
0.0008 
0.0013 

0.0004 

0.0041 
0.0041 
0.0041 

0.00004 
0.00004 

Post-rule 

EPA finds that reducing asbestos 
worker exposures will also result in 
reduced exposures for incidentally 
exposed populations, i.e., individuals 
who are exposed to asbestos without 
actually performing work on ACM. 
These populations are: 

10 School children. The proposed rule 
covers State and local government 
employees performing asbestos-related 
work in States without OSHA-approved 
State plans. A number of the activities 
that would be covered by the proposed 
rule occur in public schools. Thus, one 
incidentally exposed population that 
would benefit from the proposed rule 
would be individuals exposed to 

10 Building occupants, workers' 
families, and other individuals who 
enter buildings covered by rhe proposed 
rule. OSHA has determined that 
building occupants where asbestos work 
takes place (e.g., office workers). 
construction workers performing non· 
asbestos related work, individuals 
entering buildings where asbestos work 
is taking place (e.g., building visitors), 
and workers' families are at risk of 
harmful asbestos exposure. NJOSH has 

determined that workers' families may 
be at particular risk of developing 
asbestosis or mesothelioma from the 
contaminated clothes of asbestos 
workers in the family. The proposed 
rule takes steps to reduce asbestos 
exposure among family members 
through the use of decontamination 
units (29 CFR 1926.1101 (j)) and the use 
of protective clothing that remains at the 
workplace or is disposed of (29 CFR 
1926.1101 (i)). Except for building 
occupants, custodial workers and school 
children, no quantitative estimates are 
available regarding the number of 
people that are incidentally exposed or 
their exposure level. The provisions of 
the proposed rule would decrease the 
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potential of harmful exposure for these 
individuals and consequently decrease 
the expected incidence of asbestos· 
related death and disease among family 
members. 

The preceding table also presents the 
estimated exposure reductions 
attributable to this rule for school 
children and other building occupants. 
EPA believes that the controls that 
would be imposed by this proposal 
would reduce the incidental asbestos 
exposures for these P!?pulations by SO%. 

c. Environmental effects of asbestos. 
This proposed rule is directed at risks 
posed by asbestos in the workplace, not 
in the ambient environment. EPA 
therefore did not consider the 
environmental effects of asbestos in 
proposing this rule. 

d. The benefits of asbestos for various 
uses and the availability of substitutes. 
for those uses. This proposed rule 
would protect workers exposed to. 
asbestos during construction work and 
during automotive brake and clutch 
repair work. Some of this work could 
involve removal of asbestos. This 
proposed rule would not, however, 
require any person to remove asbestos 
from an existing installation. The person 
responsible for managing existing 
installations of asbestos must make the 
'decision whether the benefits of 
retaining or managing that installation 
exceed the benefits of removing the 
asbestos and replacing it with another 
material. As part of that decision. that 
person will evaluate the cost and 
availability of substitutes for asbestos. If 
the person concludes that satisfactory 
substitutes are not available at an 
acceptable price, the person is free to 
decide that the benefits of maintaining 
the installation exceed the costs of 
removing it, and on that basis may leave 
the asbestos in place. EPA therefore did 
not consider the benefits of asbestos for 
various uses and the availability of 
substitutes for those uses in proposing 
this rule. 

e. Economic consequences of this 
proposed rule. This proposed rule 
would reduce workers' and building 
occupants' exposure to asbestos, and 
would thereby reduce the incidence of 
cancer and other injurious health effects 
among these populations. The Economic 
Analysis for this proposed rule (Ref. 18} 

R provides a detailed analysis ofthe 
economic benefits associated with the 
reduced incidence of these diseases. 
This proposal would also impose new 
requirements on State and local 
governments that would require these 
entities to incur compliance costs. The 
Economic Analysis also analyzes in 
detail the incremental costs to State and 
local governments of complying with 

the proposed rule. In evaluating these 
incremental costs, EPA assumes that 
affected State and local governments are 
.in compliance with requirements of the 
current WPR, the asbestos National 
Emission Standard for Hazardous Air 
Pollutants {40 CFR part 61, subpart M), 
and the Asbestos-in-Schools Rule (40 
CFR part 763, subpart E). These 
incremental benefits and compliance 
costs are summarized in this unit. 

i. Economic benefits. EPA has 
assessed the economic benefits of the 
proposed rule and has provided 
quantitative estimates for some of these 
benefits. . . 

• Avoided cases of lung cancer and 
mesothelioma. Sixty-five years of 
exposure reduction under the proposed 
rule would reduce the number of lung 
cancer and mesothelioma cases among 
exposed workers and building 
occupants by 71.58 cases. A majority of 
these avoided cases occur among 
custodial workers, where 58.14 cases 
(81.2% of the number of cases among 
exposed workers and building 
occupants} are avoided. The next largest 
number of avoided cases, 3.96, occurs 
among building occupants. The 
proposed rule would also affect some 
activities in public schools in States 
without OSHA-approved State plans. 
This would result in a reduction in the 
risk to school children in these States. 
EPA estimates that 65.3 million students 
over a 65-year period would benefit 
from reduced exposure under the 
proposed rule. EPA estimates that 65 
years of exposure reduction under the 
proposed rule would result in 65.65 
avoided cancer cases among individuals 
exposed as school children. 

The Economic Analysis supporting 
this proposed rule uses a "value of 
statistical life" (VSL) technique to 
associate a dollar value with these 
avoided cancer cases. There are several 
types of economic studies that have 
attempted to determine the VSL. Of 
these, most use labor market data to 
determine workers' trade-offs between 
wages and risk. In addition, some 
researchers have used contingent 
valuation to evaluate willingness to pay 
to avoid risk. One researcher reviewed 
a large number of studies, with a range 
of $2 million to $11 million per 
statistical life, and recommended use of 
the entire range. The most recent review 
of the results ofresearch using these 
approaches found a range of values from 
$700,000 to $16.2 million. EPA's Office 
of Indoor Air selected 26 studies and 
calculated their mean estimated value of 
life to be $5.5 million (1994 dollars), 
with a standard deviation of $3.6 
million. The Economic Analysis 
accompanYing this proposed rule uses 

the Office of indoor Air estimate, 
updated to $6.53· million in an'ticipated· 
2001 dollars. The Economic Analysis 
uses the VSL estimate to value avoided 
risk at the point of exposure reduction, 
and discounts the value of aVoided risk 
occurring in years beyond 2001 back to 
2001, using a discOunt rate of3%. 

Based on a VSL analysis, this 
proposed rule would result in $405.45 
million in monetized benefits 
attributable to 137.23 avoided cases of 
lung cancer and mesothelioma. EPA 
estimates that the 65-year present 
monetary value of reducing cancer 
incidence among exposed workers and 
building occupants ul)der the proposed 
rule is $248.09 million. Avoided cancer_ 
cases among custodial workers 
represent the largest share ofthe total. 
with a 65-year present monetary value 
of $202.34 million (81.6"k of the total). 
In addition, EPA estimates the present 
monetary value of the avoided cancer 
risk among individuals exposed as 
school children to be $157.36 million. 

• Avoided cases of asbestosis. EPA 
estimates that approximately five cases 
of asbestosis would be aVoided under 
the proposed rule. EPA doe(not include 
this estimate among the quantified 
benefits of the proposed ·rule, however, 
because of the uncertainties' about 
applying the available models tO 
activities involving the relatively low 
doses to which construction, custodial, 
and brake and clutch repair workers are 
exposed. In addition, EPA has 
determined that many individuals who 
develop asbestosis also develop lung 
cancer, so presenting estimates of the 
number of avoided asbestosis cases in 
conjunction with estimates of the 
number of avoided lung cancer cases 
may result in double-counting (i.e_., 
some of the asbestosis cases may also be 
cases of lung cancer). EPA considers 
this estimate of avoided asbestosis cases 
to be only an indication of the potential 
magnitude of the number of avoided 
asbestosis cases. 

• Avoided productivity losses 
associated with non-fatal diseases. In 
addition to lung cancer and 
mesothelioma, asbestos exposure is 
associated with numerous other 
diseases such as pleural plaques and 
pleural effusion. These conditions are 
caused by the inhalation of asbestos 
fibers that eventually become lodged in 
the lungs and airways of exposed 
individuals. Reducing asbestos exposure 
levels, along with the use of protective 
equipment such as respirators, would 
reduce the amount of asbestos fibers 
inhaled by exposed individuals, 
reducing the risk of developing these 
conditions. However, EPA was not able 
to -quantify the reduction in these cases. 
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Although these conditions are not 
fatal, workers who develop them may 
need to reduce their work time or retire 
early, resulting in lost productivity. Lost 
productivity during the period of illness 
represents a cost associated with the 
disease. Exposure models that predict 
the number of these diseases and 
conditions are not available, making it 
impossible to quantify the number of 
cases and the resulting loss in 
productivity. Nonetheless, a reduction 
in asbestos exposure would decrease the 
incidence of non-fatal asbestos-related 
disease and thus productivity losses 
associated with these conditions. The 
reduced incidence of non-fatal diseases 
would in turn reduce the number Of 
workers who are out of work due to 
illness. Thus the proposed rule would 
reduce the amount of lost productivity 

·due to illness, but by an unknown 
amount. 

• AvOided medical costs associated 
with non-fatal diseases. Medical costs 
are also incurred by individuals who 
experience non-fatal asbestos-related 
diseases (pleural plaques and pleural 
effusion). Estimates of the costs of 
treating these illnesses, as well as 
models that predict their incidence, are 
not available. A reduction in asbestos 
exposure will reduce the incidence of 
asbestos-related disease and 
consequently the medical costs 
associated with treating ihose diseases. 
Reduced exposures should also decrease 
the severity of cases of illness not 

prevented by the proposed rule. Less 
severe cases will require less medical 
care and lower medical care costs. Thus 
this proposal would alSo reduce medical 
costs of non-fatal asbestos-related 
diseases, but by an unknown amount. 

• Decreased risk for exposed 
individuals not working with asbestos, 
including workers' families. Occupants 
of buildings where asbestos work takes 
place (e.g., office workers), construction 
workers performing non-asbestos related 
work, individuals entering buildings 
where asbestos work is taking place 
(e.g .. building visitors), and workers' 
families may be incidentally exposed to 
asbestos. NIOSH has determined that 
workers' families may be at particular 
risk of developing asbestosis or 
mesothelioma from the contaminated 
clothes of asbestos workers in the 
family. The proposed rule takes steps to 
reduce asbestos exposure among family 
members through the use of 
decontamination units and the use of 
protective clothing that remains at the 
workplace or is disposed of. 

Except for building occupants. 
custodial workers and school children, 
no quanlitative estimates are available 
regarding the number of people that are 
incidentally exposed or their exposure 
level. The provisions of the proposed 
rule would decrease the potential of 
harmful exposure for these individuals 
and consequently decrease the expected 
incidence of asbestos-related death and 
disease amoflg family members. 

ii. Compliance costs. EPA eslimates 
that the proposed rule would impose 
first-year compliance costs of $63.34 
million. Annually thereafter, the real 
compliance costs are assumed to decline 
due to attrition of buildings from the 
stock of those that contain asbestos (i.e., 
due to abatements or demolitions). Over 
the 65-year time frame of exposure 
reduction, the present value of 
compliance costs is estimated to be 
$1.12 billion. The following table 
provides a summary of the estimated 
-compliance costs (both first-year costs 
and the 65-year present value of costs) 
by paragraph of the OSHA Standard, 
and by the individual requirements for 
those paragraphs. In the construction 
sector, the "Methods of compliance" 
paragraph of the OSHA Construction 
Standard (29 CFR 1926.1101(g)) 
accounts for the greatest share of 
compliance costs. This paragraph 
results in estimated costs of $35.84 
million in the first year and $636.16 
million over the 65-year period, which 
represent 56.6% of the total costs of the 
proposed rule. Within this paragraph, 

, the wet methods requirement accounts 
for the greatest share of compliance 
costs. The estimated costs of the wet 
methods requirement are $21.65 million 
in the first year and $384.35 million 
over the 65-year period, representing 
34.2% of the total costs of the proposed 
rule. 

SUMMARY Of COMPLIANCE COSTS BY PARAGRAPH AND REQUIREMENT 

Requirement 

CONSTRUCTION ACTIVITIES: 
29 CFR 1926.1101(d)-Multi-employer wolksites 

Second employer inspections . . .... ...... .. ... ..... .. .. .. .... ...... . ............... . 
Paragraph subtotal .............................. . 

29 CFR 1926.1101(e)-Regulated areas 
Signs and tape .......... . ................................ .. 
Paragraph subtotal ........................ . .............. . 

29 CFR 1926.1101(1}-EJo:posure assessment and monitoring 
Initial eJo:posure assessment ...... . 
Paragraph subtotal .. . ................................... . 

29 CFR 19261101(g)-Methods of compliance 
HEPA vacuums ................... ................................. . ............. . 
Wet methods .......... . 
leak-tight containers 
local eJo:haust ventilation ...................... . 
Impermeable drop cloths .. 
Critical barriers ...... . .. .. .. . ....... ... ..... .. . .. .. ..... . ..................... . 
Plastic around HVAC systems ................................. . 
Negative pressure enclosures ................................................ . 
Glove bag systems ................... . 
Paragraph subtotal . . .................. . 

29 CFR 1926.1101(h)-Respiratory protection 
Respirators ..................................................................................... . 
Develop respirator programs 
Fit testing for respirators 
Paragraph subtotal ................. . 

29 CFR 1926.1101(1)--Protective clothing 

Firsl-year compJ!ance 
Cost ($millions) 

$0.39 ·········· ............... . 
$0.39. 

$3.10 ..... ··················· 
$3.10 .. . 

$0.61 
$0.61 

$10.31 
$21.65 ················ 
$0.37 . 
$0.60 
$1.80 ··········-····· 
$0.06 
$0.01 
$0.00 . 
$1.03 ······················ 
$35.84 ...... ············ 

$3.63 
$0.76 . 
$0.03 ........ ·-········ 
$4.42 . 

65-year present 
value of compliance 

costs ($millions) 

$6.91 
$6.91 

$55.02 . 
$55.02 . 

$10.75 . 
$10.75 . 

$183.09 . 
$384.35 
$6.61 
$10.58 . 
$31.96 . 
$1.00 . 
$0.25 . 
$0.00 . 
$18.32 . 
$636.16 . 

$64.42 . 
$13.52 . 
$0.53 . 
$78.46 . 

Percent of total 
costs 

0.61% 
0.61% 

4.89% 
4.89% 

0.96% 
0.96% 

16.28% 
34.18% 
0.59% 
0.94% 
2.84% 
0.09% 
0.02% 
0.00% 
1.63% 
56.58% 

5.73% 
1.20% 
0.05% 
6.98% 
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SUMMARY OF COMPLIANCE COSTS BY PARAGRAPH AND REQUIREMENT-Continued 

Requirement 

Provide clothing ............................................................................ . 
Inspect clothing .............................. . 
Paragraph subtotal ........................................ .. 

29 CFR 1926.11010)-Hygiene ladlilies and practices 
Paragraph subtotal ................................................................................... . 

29 CFR 1926.1101(k.~ommunicalion of hazards 
Notify employees ................... . .......................................... . 
Notify other employeesfemployers ............................................... .. 
Training .............. , ............................................................................ .. 
Paragraph subtotal ............ .. ... .. ............ .. ........................................ .. 

29 CFR 1926.1101(1}-Housek.eeping 
Paragraph subtotal ................. . 

29 CFR 1926.1101(m}-Medical surveillance 
Medical exams ........................................ .. 
Paragraph subtotal ......................... . ................................................ . 

2g CFR 1926.1101{n}-Recordk.eeping 
EPA access to records ................................................. . 
Employee access to records ......... . 
Paragraph subtotal ..................................... . 

29 CFR_ 1_926.1101(o~ompetent person 
Tnumng ...................... :.............................. ...................... . ................. . 
Inspection by competent person ............................................................. .. 
Paragraph subtotal ................................... .................. . ................. .. 

TOTAL FOR CONSTRUCTION ..... . .............................................. .. 
GENERAL INDUSTRY BRAKE AND CLUTCH REPAIR: 
29 CFR 1910.1001(d}-Exposure monitoring 

Establish exempt!on ............ ........................... .. ........... .. 
Paragraph subtotal .................................................................................. .. 

29 CFR 1910.1001(f)--Work practices and controls 
Adopt low pressure/Wet cleaning method ................................................ .. 
Paragraph subtotal ...................... . 

29 CFR 1910.1001(j)-Hazard communication 
Notify employees ................ . ........................................................... . 
Paragraph subtotal ................................................................................... . 

29 CFR 1910.1001(k.)-Housekeeping 
Leak-tight containers ............................................................................... . 
Paragraph subtotal .................... . 

29 CFR 1910.1001(m}-Recordk.eeping 
EPA access to records ........ ......................... .. .................... . 
Employees access to records .. ............................... . ............................ . 
Paragraph subtotal ............................................................................. . 

TOTAL FOR GENERAL INDUSTRY ..................................... . 
GRAND TOTALS .......................................................................................... . 

First-year compliance 
Cost ($millions) 

$0.00 ... ················· 
$0.05 . ······················· 
$0.05 ... ······················· 

65-year present 
value of compliance 

costs ($millions) 

$0.00 ................... .. 
$0.60 .................. .. 
$0.60 .................. . 

$0.00 ........................... $0.00 

$1.46 .......................... . $25.99 
$1.47 ......................... .. $26.01 .................. .. 
$2.97 ........................ . $52.71 ................... .. 
$5.90 ................ . $104.71 ................. .. 

$0.00 ........................... $0.00 ......... .. 

$0.75 ........................ .. $13.27 .... .. 
$0.75 ................... .. $13.27 .................. .. 

$2.37 .................... .. $42.14 
$0.26 .......................... . $4.67 ..................... .. 
$2.64 ......................... .. $46.81 ............ . 

$5.96 .......................... . $105.76 ...... .. 
$0.01 .......................... . $0.22. 
$5.97 ........ . $105.96 ............ . 
$59.65 ....................... .. $1,015.68 ............ .. 

$0.40 ................ : ... . $7.16 ........... . 
$0.40 .................. . $7.16 . 

$1.24 .......................... $21.99 
$1.24 ........................... $21.99 

$1.72 
$1.72 

$30.54 
$30.54 ................ .. 

$0.32 ................... $5.65 .................... .. 
$0.32 ........................... $5.65 .................... . 

$0.01 ......................... .. $0.18 ...................... . 
$0.001 ........................ . $0.022 .................... . 
$0.01 ......................... .. $0.20 ............ .. 
$3.69 ............ : .. .. $108.74 ....... . 
$63.34 ...................... . $1,124.42 ..... .. 
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Percent or total 

""" 
0.00% 
0.07% 
0.07% 

0.00% 

2.31% 
2.31% 
4.69% 
9.31% 

0.00% 

1.18% 
1.18% 

3.75% 
0.41% 
4.16% 

9.41% 
0.02% 
9.42% 
94.17% 

0.64% 
0.64% 

1.96% 
1.96% 

2.72% 
2.72% 

0.50% 
0.50% 

0.02% 
0.00 
0.02% 
5.83% 
100.00% 

See Table 4-11 of the Economic 
Analysis (Ref. 18). 

In the brake and clutch repair sector, 
compliance costs are highest for the 
"Communication of hazards to 
employees" paragraph of the OSHA 
General Industry Standard {29 CFR 
1910.1001(j)), which includes one 
requirement applicable to brake and 
clutch repair work, namely to notify 
employees. This paragraph results in 
estimated compliance costs of $1.72 
million in the first year and $30.54 
million over the 65-year time period. 
This represents 2.72% of the total costs 
of the proposed rule. The "Methods of 
compliance" paragraph of the OSHA 
General Industry Standard (29 CFR 
1910.1001(f)) contains one requirement 
applicable to brake and clutch work, 
namely to adopt the low pressure/wet 
cleaning method. This requirement 

accounts for $1.24 million in first year 
compliance costs and $21.99 million 
over the 65-year period, representing 
1.96%-ofthe total costs of the proposed 
rule. 

iii. Other effects. TSCA section 
6(c)(t)(D) also requires EPA, when 
considering the economic consequences 
of the rule, to take into account effects 
on the national economy, small 
business, technological innovation. the 
environment, and public health. The 
effects of this rule on the national 
economy are addressed in the Economic 
Analysis (Ref. 18) and Unit IV. As this 
rule affects only State and local 
government employers, there are no 
anticipated impacts on small 

innovation, EPA does not believe that 
this rule will be unduly restrictive, 
since the underlying OSHA 
Construction and General Industry 
Standards allow sufficient flexibility for 
the development of new technology for 
asbestos-related work. In addition, this 
rule's impacts on technology issues in 
general and the use oftechnical 
standards are discussed in Unit IV. As 
described in Unit ll.B~l.c .. EPA did not 
consider environmental effects in this· 
rulemaking as it is directed towards 
asbestos exposures in the workplace. 
Finally, the public health effects of this 
rule are discussed in Units II.B.l.a. and 
b. 

businesses. The impacts on small 
government entities are evaluated in the 
Economic Analysis (Ref. 18) and Unit 
IV. With respect to technological 

f. Social and other qualitative effects. 
TSCA section 2 requires EPA, when 
taking any action under TSCA, to 
consider the social as well as 
environmental and economic impacts of 
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the action. EPA considers social and 
. other non-economic beneficial impacts 
when determining whether a particular 
level of risk is "unreasonable" and 
requires mitigation under TSCA section 
6. In evaluating the reasonableness of 
the risk posed by occupational asbestos 
exposures to State and local government 
workers, EPA considered the following 
social and other qualitative effects of the 
proposed rule. 

• Equity. One important social 
consequence of the proposal would be 
the elimination of inequitable legal 
protections for classes of persons based 
solely upon the identity and location of 
their employers. Currently, private 
sector building maintenance and 
custodial workers enjoy comprehensive 
protection from excessive asbestos 
exposures under the OSHA 
Construction Standard. State and local 
government building maintenance and 
custodial workers in the 23 States with 
OSHA-approved State Plans already 
enjoy this same level of protection, 
since the protection afforded by such 
plans must be as effective as that 
provided to workers in the private 
sector. However, asbestos workers 
engaged in the same activities in the 
remaining 27 States are currently 
unprotected. There is an obvious 
inequity in offering different levels of 

·protection to employees who are 
performing the same tasks, or even 
working side-by-side in a common job 
space. These inequitable conditions are 
unreasonable, and the fact that 23 States 
have already provided equivalent 
protections for their State and local 
government employees is evidence of 
the strong general societal interest in 
providing State and local government 
workers with a level of protection 
similar to that enjoyed by their 
counterparts in the private sector. 

• Reduced implementation burdens. 
Having a uniform set of standards for 
construction and brake and clutch 
repair employees would have the added 
social benefit of easing implementation 
burdens. The OSHA standards are 
highly detailed and complex, but many 
excellent training, guidance, and 
reference resources are available. See 
http://Www .osha-slc.gov /SL TC/ 
asbestos/. Yet, because of the lack of
consistency between the WPR and the 
OSHA standards, State and local 
government workers and their 
employers in 27 States cannot take 
advantage ofthese resources. The 
burden on the regulated community of 
essentially re-creating these resources to 
reflect the minor differences between 
the WPR and the OSHA standards exists 
only because of the difficulty in 
amending the WPR to keep pace with 

changes in the OSHA s·tandards. 
Adoption of the proposal would also 
avoid potential confusion and mistakes 
by allowing all workers and their 
supervisOrs to learn a single standard 
and know the requirements that apply 
to their work without additional 
training if such workers or supervisors 
move from the public sector to the 
private sector or vice-versa. 

• Environmental justice. Many of the 
employees who woul&benefit from the 
protections of this proposed rule are 
members of minority and low-income 
populations. In testimony before OSHA 
in 1991, the Service Employees 
International Union (SEJU) described 
building maintenanCe workers as being 
among the "least protected members in 
our society-largely comprised of ethnic 
minority groups, new immigrants to our 
country, what economists refer to as the 
working poor, many forced to work 
permanent part-time ... " (Ref. 20). As 
discussed in the Economic Analysis, 
some minorities are disproportionally 
represented in certain occupations that 
would be regulated by this proposal. In 
addition, EPA's analysis has determined 
that the median weekly income of 
workers in most of the occupations that 
would be covered by this rule is below 
the median income of all workers 
nationwide. No segment of the 
population, regardless of race, color, 
national origin, or income, should, as a 
result of EPA's policies, programs, or 
activities, be more affected by adverse 
health effects, and all people should live 
and work in clean, healthy, and 
sustainable environments. 

• Quality of life. The health effects of 
asbestos are discussed in detail in Unit 
II.B.l.a. Two forms of cancer, carcinoma 
of the lung and malignant 
mesothelioma, can result from inhaling 
asbestos fibers. Another asbestos-related 
disease, asbestosis, is a chronic and 
progressive lung disease causing 
extensive fibrosis of the lungs and, in 
extreme cases, respiratory failure and 
death. Exposure to asbestos can cause 
other respiratory diseases, that, while 
non-fatal, can significantly impair lung 
function, reduce lung volume, and 
cause lung stiffness, making breathing 
difficult and very painful. Pleural 
effusion impairs lung function by 
causing an accumulation of fluid in the 
lungmembranes; and pleural plaques 
cause a stiffening of the lung tissue that 
particularly affects breathing during 
exertion. All these diseases cause 
physical and psychological pain for the 
diseased person and psychological pain 
for friends and family. Reducing the 
incidence of asbestos-related diseases 
improves the quality of life for both 
workers and workers' friends and 

families by mitigating these negative 
consequences. The legislative history of 
TSCA shows that qpality of life was an 
important Congressional concern as the 
provisions ofTSCA were debated and 
enacted. · 

• Children's health. EPA's analysis 
indicates that the proposed rule would 
significantly reduce the incidence of 
cancer among individuals with 
childhood asbestos expoSures from 
school buildings. EPA estimates that 
65.65 such cases would be avoided 
under this rule as.8 r~sult of exposure 
reductions over a period of 65 years. 
Children are more vulnerable than 
adults to the risks of asbestos for a 
number of physiological reasons. 
Children have less well-developed 
defense mechanisms·, they breathe more 
rapidly, and their metabolic rates are 
different. The smaller respiratory 
systems of children may·be less likely 
to clear particles than adult respiratory 
systems. EPA places a high priority on 
identifying and assessing environmental 
health risks and safety risks that may 
disproportionately affect .children. By 
reducing ambient asbestos 
concentrations in school buildings, this 
rule would help protect children from 
the disproportionate asbestos exposure 
risk they face. 

g. Finding of unreasonable risk. 
Therefore, having considered the factors 
discussed in Unit II.B.l., including the 
serious and irreversible health effects of 
exposure to asbestos; the present 
exposure levels among State and local 
government employees; the economic 
benefits of the proposed rule, including 
avoided cases of lung cancer and 
mesothelioma; the costs to State and 
local governments of complying with 
the proposed rule; and the beneficial 
social and other qualitative 
consequences of the proposal, especially 
that of equity; EPA finds under TSCA 
section 6 that the current exposure to 
asbestos among unprotected State and 
local government employees during use 
or disposal in construction work, 
custodial work, and brake and clutch 
repair work presents an unreasonable 
risk of injury to human health, and that 
rulemaking is necessary to provide 
adequate protection against that risk. 

2. Selection of least burdensome 
requirements. Under TSCA section S(a), 
once EPA has determined that a 
chemical substance or mixture presents 
an unreasonable risk to health or the 
environment, EPA must use the least 
burdensome requirements to protect 
against that risk. This standard requires 
EPA to consider the alternative 
regulatory options presented in TSCA 
section 6(a), and to choose the least 
burdensome option. The options set out 
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in TSCA section 6(a), and EPA's 
analysis of those options, follows. 

a. A requirement prohibiting or 
limiting the manufacture, processing, or 
distribution in commerce of asbestO$ 
(TSCA section 6(a}(1)). EPA did not 
select this option because such a 
requirement would only protect workers 
from the risks of future uses, of asbestos. 
This proposal would protect workers 
from the risks posed by both future 
asbestos uses and existing installations 
of asbestos, which have already been 
manufactured, processed, or distriJ?uted 
in commerce and are now in use. 
Moreover, prohibiting or limiting the 
manufacture, processing, or distribution 
in commerce of particular uses of 
asbestos would be an unduly 
burdensome way to protect State and 
local government construction, 
custodial and brake and clutch repair 
workers from the risks of exposure to 
asbestos. There may still be appropriate 
uses for asbestos and prOducts 
containing asbestos. It is not necessary 
to burden the economy by prohibiting or 
limiting the manufacture, processing, or 
distribution in commerce of asbestos in 
order to protect a small segment of the 
population from exposure to asbestos 
from such products. 

b. A requirement prohibiting or 
limiting the manufacture, processing, or 
distribution in commerce of asbestos for 
a parl.icular use or for a particular use
in excess of o specified concentration 
(TSCA section 6(a)(2)). As with the 
option under TSCA section 6(a)(1), EPA 
did not select this option because such 
a requirement would only protect 
workers from the risks of future uses of 
asbestos. This proposal would protect 
workers from the risks posed by both 
future asbestos uses and existing 
installations of asbestos, which have 
already been manufactured, processed, 
or distributed in commerce and are now 
in use. Moreover, prohibiting or limiting 
the manufacture. processing, or 
distribution in commerce of particular 
uses of asbestos would be an unduly 
burdensome way to protect a small 
segment of the population from 
exposure to asbestos from such uses. 

c. A requirement that asbestos and 
asbestos-containing material be marked 
or accompanied by a warning and 
instrucUons for its use, distribution in 
commerce, and/or disposal (TSCA 
secUon 6(a)(3}}. This proposal would 
require, in effect, that employers ensure 
their employees comprehend warning 
signs, labels, and instructions posted 
where asbestos is present, using, if 
necessary, such techniques as foreign 
languages, pictographs, graphics, and 
awareness training. Markings. warnings, 
or instructions by themselves, however, 

would not adequately reduce State and 
local government workers" exposure to 
asbestos; These workers' exposure to 
asbestos during construction work or 
brake and clutch repair and service 
work is dependent on the industrial 
hygiene practices in the workplace, 
which are largely in the control of the 
employer. Therefore, this rule would 
require employers to provide additional 
protections to reduce their employees' 
exposure to asbestos. 

d. A requirement controlJing 
manufacture and processing of asbestos 
and requiring manufacturers and 
processors to keep records of their 
manufacturing or processing processes 
and monitor those processes (TSCA 
section 6(a)(4)). EPA did not select this 
option because such a requirement 
would only protect workers from the 
risks of future uses of asbestos. This 
proposal would protect workers from· 
the risks posed by both future asbestos 
uses and existing installations of 
asbestos, which have already been 
manufactured, processed, or distributed 
in commerce and are now in use. 
Moreover, controlling the manufacture 
or processing of particular uses of 
asbestos would be an unduly 
burdensome way to protect a small 
segment of the population from 
exposure to asbestos from such uses. 

e. A requirement prohibiting or 
otherwise regulating any manner or 
method of commercial use of asbestos 
(TSCA section 6(a){S)). The asbestos 
present in buildings and in vehicles was 
sold as commercial products. Therefore, 
construction work or brake and clutch 
repair is commercial activity subject to 
this section. This proposed rule would 
regulate the manner and method of use 
of these commercial products by 
establishing worker protection, training, 
and hazard communication 
requirements for State and local 
government employers whose 
employees install and maintain these 
products. 

f. A requirement prohibiting or 
otherwise regulating any manner or 
method of disposal of asbestos by 
anyone who manufactures, processes, 
uses, or disposes of asbestos for 
commercial purposes (TSCA section 
6(a)(6)}. The removal of asbestos is 
disposal for commercial purposes 
subject to this section. Management of 
asbestos in place is use for commercial 
purposes. This proposed rule would 
regulate the manner and method of 
disposal of these commercial products 
by establishing worker protection, 
training, and hazard communication 
requirements for State and local 
government employers whose 
employees remove these products. 

g. A requirement directing 
manufacturers or processors of asbestos 
to notify distributors of asbestos, and 
others in possession of or exposed to 
asbestos, of unreasonable risks of injury 
from asbestos, to give public notice of 
those risks, and to replace or repurchase 
asbestos (TSCA section 6(a){7)). EPA did 
_not select this option for this proposed 
rule. As with labeling and marking 
requirements, notifications by 
themselves would not adequately 
reduce State and local government 
workers' exposure to asbestos. These 
workers' exposure to asbestos during 
construction work or brake and clutch 
repair and service work is dependent on 
the industrial hygiene practices in the 
workplace, which are largely in the 
control of the employer. This proposed 
rule would require employers to use 
appropriate engineering controls and 
work practices, and provide their 
employees with personal protection 
equipment to reduce their employees' 
exposure to asbestos. A requirement for 
the manufacturers to replace or 
repurchase asbestos-containing building 
products would also not protect the 

' State and local government workers 
who must remove installed building 

' products. 
h. Conclusion. Therefore, having 

considered the regulatory options in 
TSCA section 6(a)(1) through 6(a){7), 
EPA finds that the least burdensome 
option for protecting State and local 
government employees is a regulation 
based on TSCA sections 6{a)(3), 6{a){5), 
and 6(a)(6). This determination is 
specific to this rulemaking. and EPA 
may. if warranted, take additional 
actions to address asbestos risks in the 
future. If any commenter believes that 
there is a feasible, less burdensome 
alternative to the action proposed here 
that would sufficiently mitigate the 
unreasonable risk that is the subject of 
this rulemaking and outweigh the 
Agency's strong interest in consistency 
and equity, the commenter should 
identify this option in the comments 
and explain how it would sufficiently 
mitigate the unreasonable risk in a less 
burdensome manner than the option 
proposed by the Agency. 

3. Consideration of other Federal 
lows. TSCA sections 6(c) and 9 require 
EPA to consider whether other Federal 
statutes and regulations are available to 
address a risk that would otherwise 
merit regulatory action under TSCA 
section 6(a). EPA's consideration of 
other relevant Federal authorities 
follows. 

a. Actions under other Federal laws 
administered by EPA. Under TSCA 
section 6(c), EPA may not promulgate a 
rule under TSCA section 6(a) if EPA 
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determines that a risk of injury to health 
or the environment could be eliminated 
or reduced to a sufficient extent by 
actions taken under another statute 
administered by EPA, unless EPA finds 
it is in the public interest to protect 
against the risk by action under TSCA. 
(See also TSCA section 9(b).) EPA has 
analyzed other statutes administered by 
EPA and concludes that none provide 
sufficient authority to eliminate or 
reduce the risks to State and local 
government workers from asbestos. 

• Clean Air Act (CAA). On April6, 
1973, EPA used the a_uthority of the 
CAA to list asbestos as a hazardous air 
pollutant, _establish a "no visible 
emissions" standard for manufacturers, 
and ban the use of spray-applied 
asbestos-containing material as 
insulation in buildings (Ref. 21). EPA 
amended this regulation on October 12, 
1975, to ban asbestos-containing pipe 
lagging (Ref. 22), and on June 19,1978, 
extended the ban to all uses of sprayed
on asbestos (Ref. 23). Under the CAA, 
EPA also regulates operations involving 
the demolition or renovation of 
buildings containing friable asbestos 
and the disposal of wastes generated by 
such operations. However, the CAA 
does not apply directly to the protection 
of workers exposed to indoor air. 
, Consequently any possible additional 
use of that statute could leave many 
workers inadequately protected from 
asbestos in indoor air. 

• Resource Conservation and 
Recovery Act (RCRA). Under RCRA~ 42 
U.S.C. 6901-6992k, EPA could list 
asbestos as a hazardous waste and 
subject asbestos waste to general 
requirements designed to protect human 
health. However, RCRA jurisdiction is_ 
limited to those materials that the 
Agency has determined are wastes. 
Many of the activities covered by this 
rule do not involve handling of asbestos 
as waste. For example, this proposed 
rule would adopt by cross-reference 
standards for repair, maintenance and 
installation of asbestos-containing 
materials referenced at 29 CFR 
1926.1101(a)(3) and (4). While RCRA 
authority could extend to reduction of 
worker exposure to the extent activities 
covered by this proposed rule involve 
waste handling, it could not cover all 
the risks these activities pose to 
workers. Thus, RCRA regulations could 
not reduce risks to a sufficient extent. 

b. Actions under Federal laws not 
administered by EPA. Under TSCA 
section 9(a), EPA is required to review 
other Federal authorities not 
administered by EPA to determine 
whether action under those authorities 
may prevent or reduce a given risk. The 
only statute not administered by EPA 

that addresses risks from workplace 
exposure to asbestos is the OSH Act. 
However, the OSH Act does not apply 
to State and local government 
employees. The OSH Act does provide 
that a State can adopt an asbestos 
standard as part of its own State worker 
protection plan, subject to approval by 
the Secretary of Labor. Twenty-three 
States have implemented State plans. 
Twenty-seven States do not have OSHA
approved State plans. EPA has therefore 
determined that there is no statute 
administered by another Federal agency 
that can prevent or reduce the risk of 
asbestos exposure presented to State 
and local government employees not 
covered by OSHA-approved State plans 
during asbestos-related construction and 
brake and clutch repair work. EPA's 
analysis ofthis issue is. discussed in the 
FederaJ Register of April 25, 1986 (Ref. 
2). 

c. Consultation and coordination wilh 
other Federal agencies. TSCA section 
9(d) directs that in implementing TSCA. 
EPA consult and coordinate with other 
Federal agencies for the purpose of 
achieving the maximum enforcement of 
TSCA while imposing the least burdens 
of duplicative requirements on those 
who must comply with those 
requirements. As a result of the close 
working relationship with OSHA, EPA 
finds that the most effective way of 
eliminating duplication and overlap and 
ensuring consistency between the WPR 
and the OSHA Asbestos Standards is by 
cross-referencing the OSHA Asbestos 
Standards set out at 29 CFR 1910.1001 
and 29 CFR 1926.1101. 

The goals both of Congress and of the 
Administration would be advanced by 
ensuring that the WPR and the OSHA 
Asbestos Standards offer consistent 
protections and offer them at the same 
time to both public and private sector 
workers. The legislative history of TSCA 
reflects Congress' concern that some of 
the greatest risks from exposure to toxic 
chemicals occur in the workplace. 
Congress clearly intended that TSCA be 
available to address those risks, but, at 
-the same time, acknowledged OSHA's 
expertise in establishing workplace 
standards. TSCA section 9(d) reflects 
Congress' desire that EPA and OSHA 
work together in identifying and 
protecting against risks to workers from 
toxic chemicals. Therefore. EPA has, 
since 1985, exercised its authority under 
TSCA section 6 to fill the gap in 
coverage in the OSH Act by protecting 
State and local government employees 
from the risks of asbestos, and has done 
so in a way that imposes the least 
burden of duplicative requirements by 
maintaining consistency where possible 

between the WPii"and the OSHA 
Asbestos Standards. 

While it has always been EPA policy 
to maintain consistency between the 
WPR and the OSHA.Asbestos 
Standards, prior to this proposal EPA 
has implemented this policy by 
reprinting those re_<juirements in full at 
40 CF'R part 763. subpart G. However, 
OSHA has frequently· revised its 
standard (the CFR lists thirteen rules 
revising the Asbestos Standard since 
1986). EPA must wait until the OSHA 
revisions are finalized before initiating 
conforming changes to the WPR. By the 
time EPA's conforming changes take 
effect, OSHA has issued new revisions 
to the Asbestos Standard. The result is 
that the WPR has, in fact, rarely been 
completely consistent with the OSHA 
Standards. and, as more protective and 
less burdensome standards have gone 
into effect for the private sector, 
protections for State and local 
government employees have lagged 
behind. If the WPR cross-referenced the 
OSHA Asbestos Standards instead of 
reprinting them in full, revisions to the 
OSHA standard would take effect at the 
same time in the WPR. and public and 
private sector employees would be 
protected equally against the risks of 
asbestos. 

d. Conclusion. Therefore, having 
considered whether other Federal 
statutes and regulations are available to 
address the risks from exposure to 
asbestos among State and local 
government employees during use or 
disposal in construction work and in 
brake and clutch repair work. EPA 
concludes that rulemaking under TSCA 
section 6 is necessary to provide 
adequate protection against that risk to 
S!ate and local government employees 
who are not otherwise covered under an 
OSHA-approved State plan that is as 
effective as the OSHA regulations, or a 
State asbestos worker protection plan 
exempted from the requirements of the 
WPR by EPA under 40 CFR 763.123. 

4. Analysis of regulatory alternatives. 
EPA considered and analyzed four 
regulatory alternatives or options in 
developing this proposed rule: 

• Oplion A. Both the PEL and the 
scope of the proposed rule remain 
unchanged (i.e., no action). 

• Option B. The PEL is lowered from 
0.2 flee to 0.1 flee, but the scope of the 
proposed rule remains the same. 

• Option C. The PEL remains the 
same, but the scope of the proposed rule 
is expanded to include new 
construction, maintenance, renovation, 
custodial. and brake and clutch repair 
activities. 

• The proposed rule. The PEL is 
lowered from 0.2 flee to 0.1 flee, and the 
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scope of the proposed rule is expanded 
to include new construction, 

A (no action) 
B 
c 

Proposed rule 

Option 

See Table 5-1 of the Economic 
Analysis (Ref. 18). For each of the four 
options, the State-level coverage would 
remain the same: The rule (or option) 
would continue to cover State and local 
government employees in States 
without OSHA-approved State plans. 

a. Quantified costs and benefits. EPA 
estimated the costs and benefits for 
Options A, B, C, and the proposed rule. 
In estimating the benefits for each 
option, EPA estimated the number of 
avoided cancer cases among exposed 
workers, building occupants, and school 
children, associated with 65 years of 
reduced asbestos exposure. EPA also 
-placed a monetary value on the avoided 
risk associated-with the 65 years of 
reduced exposure and then calculated 
the present monetary value of the 
avoided cancer risk. EPA estimated 
compliance costs by calculating the
first-year compliance cost of each 
option. This estimate was extrapolated 
over 65 years of exposure reduction, 
assuming building attrition would cause 
the costs of abatement, renovation, 
maintenance, and custodial activities to 
decline over time, while administrative. 
new construction, and brake and clutch 
repair activity costs would not be 
affected by building attrition. 

• Oplion A-PEL unchanged, scope 
unchanged (baseline). Under Option A, 
the current version of the WPR (40 CFR 
part 763, subpart G) would remain in 
effect. The PEL would remain 
unchanged at 0.2 flee and the proposed 
rule would apply only to abatement 
activities. This option would resuh in 
no incremental costs or benefits. 

• Option ~reduced PEL, scope 
unchanged. Under Option 8, the PEL 
would be reduced from 0.2 flee to 0.1 
f.fcc, but the scope of the proposed rule 
would remain unchanged. Thus, 
compared to the current rule. Option B 
would reduce exposure to asbestos 
among abatement workers and 
incidentally exposed populations in 
affected buildings, but would not apply 
to additional activities. EPA estimates 

maintenance, renovation, custodial, and 
brake and clutch repair activities. 

SUMMARY OF REGULATORY OPTIONS 

0.21/cc 
0.1 ffcc 
0.2 ffcc 

0.1 flee 

PEL 

that, over 65 years, Option B would 
reduce asbestos exposure to a total of 
201,275 people, of whom 65 would be 
exposed workers and the remainder 
would be building occupants and school 
children. EPA estimates that this 
exposure reduction would, over 65 
years, prevent 0.36 cases of asbestos· 
related cancer among this total 
population, which translates into an 
estimated present value of$1.07 
millicm. Excluding building occupants 
and school children, Option B results in 
0.17 avoided cancer cases associated 
with 65 years of exposure reduction, 
which has an estimated present value of 
$0.59 million. The estimated 65·year 
present value of compliance costs for 
Option B is $24.00 million. 

• Option C-PEL unchanged, 
expanded scope. Option C would leave 
the PEL unchanged from the current 
WPR at 0.2 flee, but would expand the 
scope of the WPR to include new 
construction, maintenance, renovation, 
custodial, and brake and clutch repair 
activities, in addition to the abatement 
activities covered by the current WPR. 
Compared to the current rule, Option C 
would provide an expanded scope of 
coverage, but would not increase the 
level of protection (i.e., the PEL would 
remain 0.2 flee). EPA estimates that, 
over 65 years, Option C would reduce 
asbestos exposure for a total population 
of 71.9 million individuals, 102,700 of 
whom would be directly exposed 
workers and the remainder of whom 
would be incidentally exposed building 
occupants and school children. EPA 
estimates that 65 years of exposure 
reduction would lead to 26.85 avoided 
cases of asbestos·related cancer among 
this total population, with an estimated 
present value of$83.46 million. Among 
exposed workers, the reduction in 
cancer incidence is estimated to be 17.2 
cases associated with 65 years of 
exposure reduction, which has an 
estimated present value of $59.48 
million. The estimated 65-year present 

. 

Srope 

Abatement actlvilles only 
Abatement activilles on~ . 
New construction, abatement, maintenance, 

renovation, custodia'!, and brake and clutch 
repair activities ' 

New construction, abatement, maintenance, 
renovation, custodial, and brake and clutch 
repair activities 

value of total con-i-pliance costs for 
Option C is $939.53 million. 

• The proposed'rule-reduced PEL, 
expanded scope. The_proposed rule 
would lower the PEL from 0.2 flee to 0.1 
flee and expand the scope of the 
asbestos WPR to inClude new 
construction, maintenance, renovation, 
custodial, and brake and clutch repair 
activities in addition to the abatement 
activities covered by the Current WPR. 
The proposed rule would provide 
protection to a total population of 71.9 
million over 65 years_ of exposure 
reduction, 102,765 of whom are exposed 
workers. Furthermore, the proposed rule 
would reduce the:number of asbestos· 
related cancers associated with 65 years 
of exposure by 137.23 cases, valued at 
an estimated present value of $405.45 
million. Excluding building occupants 
and school children (i.e., focusing ori 
just exposed workers), the proposed rule 
results in 67.63 avoided cancer cases 
associated with 65 years of exposure 
reduction, with an estimated present 
value of $234.32 million. The estimated 
65-year present value of compliance 
costs is $1,124.42 million. 

b: Comparison of quantified costs and 
benefits. For each option and the 
proposed rule, EPA estimated the costs, 
benefits, and net benefits for all 
populations (exposed workers, building 
occupants. and school children) and for 
exposed workers only. The cost. benefit, 
and net benefit estimates for exposed 
workers are singled out because the rule 
is directed at reducing the exposure of 
this population and because building 
occupants and school children are only 
incidentally exposed. EPA compared 
the four options using six quantitative 
criteria. 

• Prolecliveness. The proposed rule 
and Option B would set the PEL at 0.1 
flee, while Options A and C would set 
the PEL at 0.2 flee. Thus, the proposed 
rule and Option Bare both more 
protective than Options A and C. 

• Scope. The proposed rule and 
Option C would both provide 
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incremental protection to significantly 
larger populations than Options A and 
B. Both the proposed rule and Option C 
would provide incremental protection 
to a population of 71.9 million, of which 
slightly less than 103,000 are exposed 
workers. Option B would provide 
additional protection to a population of 
only 201,275 {0.28% of the population 
protected by the proposed rule), of 
which 65 are exposed workers (0.06% of 
the exposed workers protected by the 
proposed rule). Oplion A. which would 
not change the current asbestos WPR. 
would not provide additional protection 
to any populations. 

• Estimated benefits. The proposed 
rule would result in significantly more 
avoided cancer cases and, consequently, 
a significantly larger level of monetized 
benefits when compared with the other 
regulatory options. The proposed rule 
would reduce the incidence of asbestos
related cancers associated with 65 years 
of exposure reduction by 137 cases, 
which would result in a monetary 
benefit of $405 million. Among exposed 
workers, the proposed rule would 
reduce the incidence or asbestos-related 
cancer associated with 65 years of 
exposure reduction by 68 cases, valued 
at $234 million. Option C would reduce 
the asbestos-related cancer incidence by 
only 27 cases (19.6% of the proposed 
rule's total), valued at $83 million 

(20.6% of the proposed rule's tot.al). 
Among exposed workers, Option C 
would reduce the incidence of asbestos
related cancer by 17 cases (25.4% of the 
proposed rule's total), valued at $59 
million (25.4% ofthe proposed rule's 
total). Option B would result in 
approximately $1.0 million in 
monetized benefits while Option A 
would result in no incremental avoided 
cases and thus no incremental 
monetized benefits. 

• Estimated compliance costs. Option 
A is the least costly of the four options, 
resulting in no {$0) incremental 
compliance costs because no 
incremental action would be required. 
The proposed rule is the most costly 
option, resulting in a 65-year present 
value compliance cost of $1.1 billion. 
For Option B. the 65-year present value 
of compliance costs is $24.00 million 
(2.1% of the proposed rule's total), 
while for Option C, the 65-year present 
value of compliance costs is $939.53 
million (83.6% of the proposed rule's 
total). 

• Efficiency. Option A would result 
in the largest monetized net benefit 
(monetized benefits minus monetized 
costs), which is $0. Each of the other 
options would result in negative net 
benefits, or a net cost. The proposed 
rule would result in the second largest 
net cost, with costs exceeding estimated 

benefits by $719 million. The estimated 
costs for Option C exceed its estimated 
benefits by $856 mill ion (19.1% larger 
than the net cost for the proposed rule), 
and the estimated costs for Optlon B 
exceed its estimated benefits by $22,93 
million (3.2% of the proposed rule's 
total). 

• Ratio of estimated compliance costs 
to estimated benefits . . The following 
table presents the cost-benefit ratio for 
each option. The cost-benefit ratio, 
measured as the ratio of compliance 
costs to monetized benefits. measures 
the cost that would be incurred for each 
dollar of benefits. The proposed rule has 
the lowest (i.e., most preferable) cost 
benefit ratio for both all exposed 
populations (2.77) and exposed workers 
alone (4.80). Option C has a cost-benefit 
ratio of 11.26 for all exposed 
populations (4.07 times the cost-benefit 
ratio for the proposed rule) and 15.80 
for exposed workers alone (3.29 times 
the cost-benefit ratio for the proposed 
rule). Option B has a cost-benefit ratio 
of 22.43 for all exposed populations 
(8.10 times the cost-benefit ratio for the 
proposed rule) and 40.68 for exposed 

. workers alone (8.48 times the cost
benefit ratio for the proposed rule). 
Cost-benefit ratios could not be 
calculated for Option A because costs 
and monetized benefits are both $0. 

SUMMARY OF ESTIMATED COSTS, BENEFITS, AND NET BENEFITS FOR ALTERNATIVE REGULATORY OPTIONS 

Estimated benefits 
lncre-

Option/section ··PEL mental Avoided Present 
(flee) population cancer monetary 

Proposed Rule-PEL Reduced, .,. 
panded scope: 
All populations 
Exposed workers 

Option A (baseline}--PEL unchanged, 
scope unchanged: 

All populations 
Exposed workers 

Option B-PEL Reduced, ""'" 00· 

changed: 
An populations 
Exposed workers 

Option G-PEL unchanged, expanded 
scope: 
All populations 
Exposed workers 

See Table 5-8 of the Economic 
Analysis (Ref. 18). 

0.1 
0.1 

0.2 
0.2 

0.1 
0.1 

0.2 
0.2 

Based on these comparisons, EPA has 
selected the proposed rule as the 

protected 
~~· 

value 
($millions) 

71,887,159 137.23 $405.45 
102,765 67.63 $234.32 

0 0.00 $0.00 
0 0.00 $0.00 

201.275 0.36 $1.07 
65 0.17 $0.59 

71.886.942 26.85 $83.46 
102.548 17.20 $59.48 

preferred option for the following 
reasons: 

• The proposed rule_would be the 
most protective (i.e., would result in the 
lowest PEL). 

Present value Estimated net of compliance benefit Cost-ben-
costs ($millions) efit ratio 

($millions) 

$1,124.42 ($718.97) 2.77 
$1,124.42 ($890.09) 4.80 

$0.00 $0.00 
$0.00 $0.00 

$24.00 ($22.93) 22.43 
$24.00 ($23.41) 40.68 

$939.53 ($856.07) 11.26 
$939.53 ($880.05) 15.80 

• The proposed rule would provide 
incremental protection to the largest 
population. 

• The proposed rule would result in 
the largest benefits. 
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• The proposed rule would offer the 
lowest ratio of costs to benefits. 

The proposed rule, however, would 
also be the most costly and would result 
in the second largest net cost among the 
four options. Nevertheless, EPA has 
determined that the increased cost and 
net cost are justified by the additional 
benefits and protection offered by the 
proposed rule. In moving from Option C 
to the proposed rule, the compliance 
costs increase by a factor of 1.2 ($1.1 
billion + $939.53 million), but the 
number of avoided cancer cases 
increases by a factor of 5.1 (137 .23 cases 
+ 26.85 cases). Likewise, in moving from 
Option B to the proposed rule, the 
compliance costs increase by a factor of 
46.65 ($1.1 billion +$24.00 million), but 
the number of avoided cancer cases 
increases by a factor of381 (137.23 
cases+ 0.36 cases). EPA does not 
consider Option A to be a viable option 
because it does not result in any 
additional protection. 

c. Comparison of non-quantified 
benefits. EPA has identified a number of 
benefits that could not be quantified 
(see Unit ll.B.l.a.).Included among 
these benefits are: 

• Reductions in the incidence of 
asbestosis. 

• Reductions in the incidence of 
pleural plaques and pleural effusion . 

• Reduchons in productivity losses 
associated with non-cancerous health 
effects. 

• Reductions in medical costs 
associated with non-cancerous health 
effects. 

• Improved quality of life. 
• Decreased risk for individuals who 

may be incidentally exposed to asbestOs, 
including building visitors and 
members of workers' families. 

As discussed in Unit II.B.t.a., EPA 
was unable to provide quantitative 
estimates for the benefit categories listed 
in this unit. It is possible, however, to 
compare the four options in terms of 
their protectiveness and scope, and 
draw some conclusions with regard to 
the option that would provide the 
largest level of benefits for each benefit 
category. Each of the benefits listed in 
this unit are positively influenced by 
the level of protection (i.e., a lower PEL 
implies more benefits) and by the 
incremental population covered (i.e., a 
larger incremental population implies 
more benefits). Thus, options can be 
compared and ranked based on these 
two criteria. 

The following table provides EPA's 
ranking of the proposed rule and the 
three alternative options in terms of the 
level of the benefit that each would 
provide. In the table, a ranking of 1 
indicates that EPA expects that option 
to provide the largest level of benefits 
among the four options, while a ranking 
of 4 indicates that EPA expects that 

option to provide the least benefits 
among the four options. 

These rankings reveal three distinct 
trends in comparing the four options. 
First, the proposed rule is always 
expected to produce the largest level of 
benefits. The proposed rule is at least as 
protective (i.e., in terms of value of the 
PEL) as each of the other options and 
provides protection to a larger 
incremental population than the other 
three options. Based on these two 
.considerations, the proposed rule 
should provide a larger level of each 
non-quantified benefit, compared to the 
other options. This is consistent with 
ranking ofthe quantified benefits, where 
the proposed rule would result in the 
largest reduction in asbestos-related· 
cancer. Second, Option A would 
provide the lowest level of benefits in 
each non-quantified benefit category. 
This follows from the fact that Option 
A involves no changes to the current 
WPR. Thus, since the proposed rule and 
both Options B and C provide either 
additional coverage or a reduced PEL", 
all three options must provide·a larger 

, level of benefit compared to Option A. 
Finally, it is not possible to determine 

• the relative ranks of Options 8 and C. 
On the one hand, Option 8 offers more 
protection (in terms of a lower PEL) but 
on the other hand Option C provides 
incremental protection to a larger 
population. 

RANKING OF PROPOSED RULE AND OPTIONS A, 8, AND C FOR THE NON-QUANTIFIED BENEFITS OF REDUCING ASBESTOS 
EXPOSURE 

Non-quantified benefit Proposed rule Option A Option B Option C 

Reductions In the Incidence of asbestosis 1 
Reductions in the incidence of pleural plaques and pleural effusion 1 
Reductions in productivity losses associated with non-cancerous health effects 1 
Re<lucllons In me<llcal costs associate<l with non-cancerous health effects 1 
Improved quality of life 1 
Decreased risk for individuals who may be incidentally exposed to asbestos, 1 

including workers' famllles 

Note: These are subjective rankmgs based on EPA s best profess1ona1 JUdgement only. 

See Table 5-9 of the economic 
Analysis (Ref. 18). 

d. Qualitative measures of costs and 
benefits. This proposed rule would 
establish consistency between the 
protections offered under the WPR to 
State and local government employees 
working with asbestos-containing 
materials and under the OSHA 
Construction and General industry 
Standards to private sector employees 
working with those materials. Fairness 
and equity dictate equivalent protection 
for all persons who work with asbestos
containing materials, whether those 
persons are employed by the private 

sector or by a specific State or local 
government. Currently, all private sector 
workers, as well as State and local 
government employees in the 23 States 
that have OSHA-approved State plans, 
are protected by the more stringent 
OSHA regulations. EPA is proposing to 
achieve equity for the remaining State 
and local government workers by 
amending the WPR to adopt recent 
amendments to the OSHA Asbestos 
Standards that provide additional 
worker protections. 

The OSHA Asbestos Standards, as 
amended in 1994, establish a PEL ofO.l 
flee for all exposed workers. EPA's 

4 2 2 
4 2 .· 2 
4 2 2 
4 2 2 
4 2 2 
4 2 2 

current asbestos WPR covers only 
abatement workers and sets a PEL of 0.2 
flee. Thus, the current EPA rule is less 
protective (i.e., is based on a higher 
PEL) and covers fewer exposed workers 
(i.e., only abatement workers) than the 
OSHA standards. The proposed rule 
would eliminate these inequities by 
providing identical protection and 
coverage to State and local government 
employees performing asbestos-related 
work in States without OSHA-approved 
State plans. 

Options A, 8, or C would not provide 
these State and local government 
employees with the same protection and 
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coverage as the OSHA Standards 
provide to private sector workers. 
Option A would provide less proteclion 
{i.e., a higher PEL) and would cover 
workers in fewer aclivities compared to 
those covered by OSHA. Option B 
would provide the same level of 
protection (i.e., the same PEL), but 
would cover workers in fewer activities 
compared to those covered by OSHA. 
Oplion C would cover the same number 
of activities, but would provide less 
protection (i.e., a higher PEL). 

Therefore, the proposed rule is 
preferable to the other three options 
considered because it would provide 
equity in terms of protectiveness and 
coverage between workers in the private 
sector and State and local government 
employees. 

e. Summary. Based on its comparison 
of the four options' estimated quantified 
costs and benefits, estimated non
quantified benefits. and qualitative 
measures of costs and benefits, EPA has 
determined that the proposed rule 
provides the greatest net benefits 
compared to the other three options 
considered, especially in light of the 
equity considerations discussed in Unit 
II.B.4. 

• Estimated quantified costs and 
benefits. The proposed rule is the most 
protective (i.e., lowest PEL), provides 
'incremental protection to the largest 
exposed population, results in the 
largest benefits, and offers the lowest 
ratio of costs to benefits. The proposed 
rule, however, is the most cosUy and 
results in the second largest net cost 
among the four options (though all 
options with the exception of Option A 
result in a negative net benefit). 
Nevertheless, EPA finds that the 
increased cost is justified by the 
additional benefits and protection 
offered by the proposed rule. 

• Estimated non-quantified benefits. 
EPA expects that the proposed rule 
would result in a larger level of benefits 
for each unquantifiable category of 
benefits in comparison with each of the 
other three options. EPA bases this 
conclusion on the fact that the proposed 
rule is at least as protective (i.e., in 
terms of value of the PEL) as each of the 
other options and provides protection to 
a larger incremental population than·the 
other three options. 

• Qualilalive measures of costs and 
benefits. The proposed rule is the only 
option that would provide coverage 
comparable to the OSHA Asbestos 
Standards. The proposed rule would 
provide public employees in States 
without approved OSHA State plans 
with the same level of protection (i.e., 
the PEL) and would cover the same set 
of aclivilies as is covered in the OSHA 

standards. The other options would 
provide less protection (Options A and 
C) or less scope of coverage (Options A 
and B) compared to OSHA's Asbestos 
Standards. 
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response to court remand. Federal 
Register (55 FR 3724, February 5. 1990). 
(Available on the OSHA web site at 
http://www.osha-slc.gov/OCIS/ 
toc_fed_reg.htmlhtml). 

7. USEPA, OPPTS. Asbestos Worker 
Protection; Asbestos-Containing 
Materials in Schools: proposed rule. 
Federal Register (50 FR 54746, 
November 1, 1994) (FRL-3801-3). 

8. DOL, OSHA. Occupational 
Exposure to Asbestos; final rule. Federal 
Register (59 FR 40964, August 10, 
1994). (Available on the OSHA web site 
'at http://www.osha-slc.gov/OCIS/ 
toc_fed_reg.htmlhtml). 

9. DOL, OSHA. Occupational 
Exposure to Asbestos; final rule, 
extension of start-up dates for 
compliance. Federal Register (60 FR 
33343. June 28, 1995). (Available on the 
OSHA web site at http://www.osha
slc.gov/OCJS/toc_fed_reg.htmlhtml). 

10. DOL, OSHA. Occupational 
Exposure to Asbestos; corrections to 
final rule. Federal Register (60 FR 
33974. June 29. 1995). (Available on the 
OSHA web site at http://www.osha-

slc.gov/OCIS/ 
toc_fedlowbarm;reg.htmlhtml). 

11. DOL, OSHA, Occupational 
Exposure to Asbestos; corrections to 
final rule. Federal Register (60 FR 
36043, July 13, 1995}. (.Available on the 
OSHA web site at http://www.osha
slc.gov/OCIS/toc_fed_reg.htmlhtml). 

12. DOL, OSHA. Occupational 
Exposure to Asbestos; fin.al rule, 
amendments. Federal Register (60 FR 
50411, September 29, 1995). (Available 
on the OSHA web site at http:// 
www.osha-slc.gov/OCIS/ 
toc_fed_reg.htmlhtml). 

13. DOL, OSHA. Occupational 
Exposure to Asbestos, Tremolite, 
Anthophyllite an9, Actinolite; final rule, 
corrections. Federal Register (61 FR 
43454, August23, 1996). (Available on 
the OSHA web site at http://www.osha
slc.gov/OCIS/toc_fed_reg.htmlhtml). 

14. DOL, OSHA. Respiratory 
Protection; finall1lle, request for 
comment on paperwork requirements. 
Federal Register (63 FR 1152, January 8, 
1998). (Available on the OSHA web site 
at http://www.osha-slc.gov/OCIS/ 
toc_fed_reg.htmlhtml). 

15. DOL, OSHA. Respiratory 
Protection; final rule, correction. 
Federal Register (63 .FR 20098, April 23. 
1998).[Available on the OSHA web site 
at http://www.osha-slc.gov/OCIS/ 
toc_fed_reg.htmlhtml). 

16. DOL, OSHA. Occupational 
Exposure to Asbestos; final rule. Federal 
Register (63 FR 35137. June 29, 1998). 
(Available on the OSHA web site at 
http://www.osha-slc.gov/OCIS/ 
toc_fed_reg.htmlhtml). 

17. USEPA, Office of Prevention, 
Pesticides and Toxic Substances 
(OPPTS), National Program Chemical 
Division (NPCD), Fibers and Organics 
Branch [FOB). Response to Comments 
Document, Proposed Amendments to 
Asbestos Worker Protection Rule. 
November 1,1994. 

16. USEPA, OPPTS, Economics, 
Exposure, and Technology Division 
(EETO). Proposed Asbestos Worker 
Protection Rule Economic Analysis. 
February 22, 2000. 

19. USEPA, OTS. Recommended 
Interim Guidance for Maintenance of 
Asbestos-Containing Floor Coverings. 
January 25,1990. 

20. Service Employees International 
Union. Comments on Asbestos Worker 
Protection: Asbestos-Containing 
Materials in Schools; Proposed 
Amendment (Testimony of Bill 
Borwegen before the Occupational 
Safety and Health Administration). 
OPPTS Docket #62125, Ct--011. January 
3, 1995. 

21 USEPA. National Emission 
Standards for Hazardous Air Pollutants: 
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Asbestos, Beryllium, and Mercury. 
Federal Register (36 FR 6620, April6, 
1973). 

22. USEPA. National Emission 
Standards for Hazardous Air Pollutants; 
Asbestos and Mercury. Federal Register 
(40 FR 48292, October 14, 1975). 

23. USEPA.; National Emission 
Standards for Hazardous Air Pollutants; 
Asbestos Standard; amendments. 
Federal Register (43 FR 26372, June 19, 
1978). 

24. DOL, OSHA. Letter to the 
Honorable Jay Johnson re: OSH Act 
applicability to tribal land workplaces 
and employers. March 12, 1998. 

25. National Institute of Building 
Sciences. Asbestos Abatement and 
Management in Buildings, Model Guide 
Specifications. 3rd Edition Document 
#2101-2. August 12,1988. 

26. National Institute of Building 
Sciences. Guidance Manual. Asbestos 
Operations and Maintenance Work 
Practices. 2nd Edition. Document 
#5076-7. December 1996. 

27. American Society for Testing and 
Materials. Standard Practice for Visual 
Inspection of Asbestos Abatement 
Projects (E 1368-99). 

28. American Society for Testing and 
Materials. Standard Practice for 
.Encapsulants for Spray-or-Trowel
Applied Friable Asbestos-Containing 
Building Materials (E 1494-92). 

29. American National Standards 
Institute. American National Standard 
for Respiratory Protection {ANSJ 288.2-
1992). 

IV. Regulatory Assessment 
Requirements 

A. Regulatory Planning and Review 

Under Executive Order 12866, 
entitled Regulatory Planning and 
Review (58 FR 51735, October 4, 1993}, 
this action is not a "significant 
regulatory action" subject to review by 
the Office of Management and Budget 
(OMB). because this action is not likely 
to result in a rule that meets any of the 
criteria for a "significant regulatory 
action" provided in section 3(0 ofthe 
Executive Order. 

EPA has prepared an analysis of the 
potential impact of this action, which is 
estimated to cost $63.34 million in the 
first year of the rule and then decline 
annually thereafter. The analysis is 
contained in a document entitled 
"Economic Analysis of the Asbestos 
Worker Protection Rule" (Ref. 16). This 
document is available as a part of the 
public version of the official record for 
this action (instructions for accessing 
this document are contained in Unit 
I.B.), and is brieOy summarized in Unit 
II.B. 

B. Regulatory Flexibility Act 

Pursuant to section 605(b) of the 
Regulatory Flexibility Act (RFA), as 
amended by the Small Business 
Regulatory Enforcement Fairness Act of 
1996 (SBREFA), 5 U.S.C. 601 et seq., 
EPA hereby certifies that this proposed 
action, if promulgated as proposed, will 
not have a significant economic impact 
on a substantial number of small 
entities. The factual basis for EPA's 
determination is presented in the small 
entity impact analysis prepared as part 
of the Economic Analysis for this 
proposed rule (Ref. 18), and is briefly 
summarized here . 

For purposes of analyzing potential 
impact on small entities, EPA used the 
definition for small entities in RF A 
section 801. Under RFA section 601, 
"small entity" is· defined as: 

1. A small business that meets Small 
Business Administration size standards 
codified at 13 CFR 121.201. 

2. A small governmental jurisdiction 
that is a government of a city, county, 
town, school district or special district 
with a population of less than 50,000. 

3. A small organization that is any 
not-for-profit enterprise which is 
independently owned and operated and 
is not dominant in its field. 

Of the three categories of small 
entities, only small governmental 
jurisdictions are affected by this 
proposed rule. As such, EPA's analysis 
of potential small entity impacts 
assesses the potential impacts on small 
governmental jurisdictions. 

Based on the definition of "small 
government jurisdiction," no State-level 
government covered by the asbestos 
WPR can be considered small. 
Therefore, the small government entities 
potentially impacted by the proposed 
asbestos WPR are local governments 
(e.g., county, municipal, or towns) and 
school districts. 

The proposed amendments to the 
asbestos WPR may impact local 
governments in the 27 States without 
approved OSHA State plans by 
imposing incremental compliance costs 
for asbestos-related maintenance, 
renovation, and brake and clutch repair. 
There are 24,495 small government 
jurisdictions that are potentially 
impacted by the asbestos WPR. 
However, the estimated amounts ofthe 
impact are all extremely low. In each of 
the States, the impact for all small local 
governments is estimated to be less than 
0.1% of revenues available for 
compliance. EPA estimated that the 
largest impact would occur for small 
local governments in Arkansas and 
Delaware, where the upper bound 
estimate of compliance costs as a 

percent. of available revenues is 
estimated to be 0.051%. For small local 
governments as a whole, comphance 
costs associated with the asbestos WPR 
are estimated to represent 0.024% of 
available revenues. Therefore, the 
Agency has concluded that the asbestos 
WPR Will not have" a significant impact 
on small government ·entities. 

Small school districts are defined as 
school districts serving a resident 
population of less .than 50,000. In the 27 
covered States, there are 17,646 small 
school districts that are potentially 
impacted by the asbestos WPR. The 
estimated impact Of compliance costs on 
all small school districts is estimated to 
be 0.01 o/o of available revenues. The 
largest impact is estiinated for 
Mississippi where coinpliance costs as a 
percent of available revenues are 
estimated to equal 0.013'%. The Agency 
has therefore concluded that the 
proposed aSbestos WPR will not have a 
significant effect on the revenues of 
small school districts. 

Although this proposed rule will not 
have a significant economic impact on 
a substantial number of Small entities, 
EPA is interested in comments and 
suggestions for furth~r reducing the 
potential impact for small entities. In 
particular, EPA is interested in how any 
further reductions might be achieved 
while ensuring that the WPR remains 
consistent with the OSHA Asbestos 
Construction and General Industry 
Standards. EPA requests comment on 
opportunities for burden reduction and 
other issues related to impacts on small 
entities. 

Additional details regarding EPA's 
basis for this certification are presented 
in the Economic Analysis (Ref. 16), 
which is included in the public version 
of the official record for this action. This 
information will also be provided to the 
SBA Chief Counsel for Advocacy upon 
request. Any comments regarding the 
impacts that this action may impose on 
small entities should be submitted to 
the Agency in the manner specified in 
Unit I.C. 

C. Paperwork Reduction Act 

Pursuant to the Paperwork Reduction 
Act (PRA), 44 U.S.C. 3501 et seq., an 
agency may not conduct or sponsor, and 
a person is not required to respond to, 
a collection of information unless it 
displays a currently valid OMB control 
number. The OMB control numbers for 
EPA's regulations, after appearing in the 
preamble to the final rule, are listed in 
40 CFR part 9, and included on the 
related collection instrument. 

The information collection 
requirements contained in this proposed 
rule have been submitted to OMB for 



24828 Federal Register/VaL 65, No. 82/Thursday, April 27, 2000/Proposed Rules 

review and approval pursuant to the 
PRA and OMB implementing 
regulations at 5 CFR 1320 e! seq. The 
burden and cosls related to the
informa1ion collection requirements 
contained in this proposed rule are 
described in an Information Collection 
Request (ICR). This ICR proposes to 
amend the existing ICR for the current 
WPR which is approved through 
September 30, 2001, under OMB No. 
2070-0072 (EPA ICR No. 1246.06). A 
copy of this ICR, which is identified as 
EPA JCR No. 1246.07, has been included 
in the public version oflhe official 
record described in Unit l .B.2., and is 
available electronically as described in 
Unit I.B.l .. at http://www.epa.gov/ 
opperidl/icr.htm, or bye-mailing a 
request to farmer.sandy@epa.gov. You 
may also request a copy by mail from 
Sandy Farmer, Collection Strategies 
Division, Environmental Protection 
Agency"(2822), Ariel Rios Bldg., 1200 
Pennsylvania Ave., NW., Washington, 
DC 20460, or by calling "[202) 26D-2740. 

As described in Unit II.A.2., this 
amendment would requir8 employers to 
collect, disseminate, and maintain 
information relating to employee 
asbestos exposures, respiratory 
protection, medical surveillance, and 
training. The records maintained as a 
result of this information collection will 
provide EPA with the data necessary for 
effective enforcement of the WPR, as 
authorized under TSCA seCtions 6 and 
8. 

The public reporting burden for this 
collection of iriformation is estimated to 
average, on an annual basis, 21.96 hours 
per respondent, including the time for 
reviewing instructions, gathering and 
maintaining the data needed, and 
completing and reviewing the collection 
of information. EPA estimates that 
25,312 respondents would incur these 
burdens, for a total annual respondent 
burden of 555,870 hours .. 

As defined by the PRA and 5 CFR 
1230.3(b), "burden" means the total 
time, effort, or financial resources 
expended by persons to generate, 
maintain, retain, or disclose or provide 
information to or for a Federal agency. 
This includes the time needed to review 
instructions: develop, acquire, install, 
and utilize technology and systems for 
the purposes of collecting, validating, 
and verifying information, processing 
and maintaining information, and 
disclosing and providing information; 
adjust ·the existing ways to comply with 
any previously applicable instructions 
and requirements; train personnel to be 
able to respond to a collection of 
information; search data sources; 
complete and review the collection of 

information; and transmit o"r otherwise 
disclose the information. 

Comments are requested on EPA's 
need for this information, the accuracy 
of the provided burden estimates, and 
any suggested methods for minimizing 
respondent burden, including through 
the use of automated collection 
techniques. Send comments on the ICR 
to EPA as part of your overall comments 
on this proposed rule in the manner 
specified in Unit I.C. Send a copy of 
your comments on the ICR to OMB as 
specified by 5 CFR 1320.11(a), by 
mailing them to the Office of 
Information and Regulatory Affairs, 
Office of Management and Budget, 725 
17th St., NW., Washington. DC 20503, 
marked "Attention: Desk Officer for 
EPA." Include the ICR number in any 
correspondence. Since OMB is required 
to make a decision concerning the JCR 
between 30 and 60 days after April 27, 
2000, a comment to OMB is best assured 
of having its full effect ifOMB receives 
it by May 30, 2000. In developing the 
final action, EPA will consider any 
OMB or public comments r-eceived 
regarding the information collection 
requirements contained in lhis proposal. 

D. Unjunded Mandates Reform Act 
Pursuant to Title II of the Unfunded 

Mandates Reform Act of 1995, (UMRA), 
Public Law 104-4, EPA has determined 
that this rule does not contain a Federal 
mandate that may result in expenditures 
of$100 million or more for Stale, local, 
and tribal governments, in the aggregate, 
or the private sector in any 1 year. As 
discussed in the Economic Analysis 
accompanying this proposed rule, the 
rule would result in estimated 
expenditures of at most $63.34 million 
in any 1 year. In addition, EPA has 
determined that this proposed rule 
would not significantly or uniquely 
affect small governments. For small 
local governments as a whole, 
compliance costs associated with the 
WPR represent 0.024% of revenues 
assumed to be available for compliance. 
Moreover, the impact of compliance 
costs on small school districts as a 
whole would be 0.01% of available 
revenues. Thus, this proposed rule is 
not subject to the requirements of 
UMRA sections 202, 203, 204, and 205. 

E. Federalism 
Executive Order 13132, entitled 

Federalism (64 FR 43255, August 10, 
1999), requires EPA to develop an 
accountable process to ensure 
'"meaningful and timely input by Slate 
and local government officials in the 
developmerit of regulatory policies that 
have federalism implications." "Policies 
that have federalism implications" is 

defined in the Executive Order to 
include regulations that have 
··substantial direct effects on the States, 
on the relationship between the national 
government and the States, or on the 
distribution of power and 
responsibilities among the various 
levels of government." 

Under section 6 ofExeculive Order 
13132, EPA may not issue a regulation 
that has federalism implications, that 
imposes substantial direct compliance 
costs, and that is not required by statute, 
unless the Federal government provides 
the funds necessary to pay the direct 
compliance costs incurred by State and 
local governments, or EPA consults with 
State and local government officials 
early in the process of developing the 
proposed regulation. EPA also may not 
issue a regulation that has federalism 
implications and that preempts State 
law. unless the Agency consults with 
State and local government officials 
early in the process of developing the 
proposed regulation. 

Section 4 of the Executive Order 
contains additional requirements for 
rules that preempt State or local law, 
even if those rules do not have 

. federalism implications (i.e., the rules 
will not have substantial direct effects 
on the States, on the relationship 
between the national government and 
the States, or on the distribution of 
power and responsibilities among the 
various levels of government). Those 
requirements include providing State 
and local government officials notice 
and an opportunity for appropriate 
participation in the development of the 
regulation. If the preemption is not 
based on express or implied statutory 
authority, EPA also must consult, to the 
extent practicable, with appropriate 
State and local government officials 
regarding the conflict between State law 
and federally protected interests within 
the agency's area of regulatory 
responsibility. 

This proposed rule does not have 
federalism implications. This proposal 
would amend the existing WPR to cover 
additional asbestos-related activities 
and to bring the WPR into conformance 
with recent changes to the OSHA 
Asbestos Standards. The proposed 
changes are not expected to result in a 
significant intergovernmental mandate 
under the UMRA., and thus, EPA 
concludes that the rule would not 
impose substantial direct compliance 
costs. Nor would the rule substantially 
affect the relationship between the 
national government and the States, or 
the distribution of power and 
responsibilities among the various 
levels of government. Those 
relationships have already been 
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established under the existing WPR, and 
these amendments would not alter 
them. Thus, the requirements of section 
6 of the Executive Order do not apply 
to this proposed rule. 

This proposed rule would preempt 
State and local law in accordance with 
TSCA section t8(a)(2)(B). By publishing 
and inviting comment on this proposed 
rule, EPA hereby is providing State and 
local government officials notice and an 
opportunity for appropriate 
participation. Thus, EPA has complied 
with the requirements of section 4 of the 
Executive Order. 

F. Consultation and Coordination with 
Indian Tribal Governments 

Under Executive Order 13084, 
entitled Consultalion and Coordination 
with lndian Tribal Governments (63 FR 
27655, May 19, 1998), EPA may not 
issue a regulation that is not required by 
statute, that significantly or uniquely 
affects the communities oflndian tribal 
governments, and that imposes 
substantial direct compliance costs on 
those communities, unless the Federal 
government provides the funds 
necessary to pay the direct compliance 
costs incurred by the tribal 
governments, or EPA consults with 
those governments. 
· This rule does not significantly or 
uniquely affect the communities of 
Indian tribal governments, nor does it 
impose substantial direct compliance 
costs on such communities. Since the 
OSHA Asbestos Standards cover tribal 
governments and tribal employees, the 
WPR does not apply to these groups 
{Ref. 24.). Accordingly, the requirements 
of section 3{b) of Executive Order 13084 
do not apply to this proposed rule. 

G. Environmental Justice 
Pursuant to Executive Order 12898, 

entitled Federal Actions to Address 
Environmental Justice in Minority 
Populations and Low-Income 
Populations {59 FR 7629, February 16, 
1994), the Agency has considered 
environmental justice-related issues 
with regard to the potential impacts of 
this action on the environmental and 
health conditions in minority and low
income populations. As discussed above 
in Unit ll.B.l.e., many of the employees 
who would benefit from the protections 
of this proposed rule are members of 
minority and low- income populations. 
By providing protection for currently 
unprotected State and local government 
building maintenance and custodial 
employees and their families, this rule 
would address the lesser levels of 
protection in the workplace experienced 
by minority and low-income 
populations among State and local 

government employees. In other words, 
the proposed rule would not impose 
disproportionately high and adverse 
human health or environmental effects 
on minority or low-income populations, 
but would actually decrease such 
effects. 

Public participation is an important 
environmental justice concern. EPA 
encourages State and local government 
employees, and organizations 
representing them, to participate in this 
rulemaking process by submitting 
comments (see Unit I.C.). In addition, 
interested persons or organizations may 
request that EPA hold an informal 
public hearing on this proposed rule, at 
which they may present oral comments 
{see Unit I.C.3.). If EPA decides to hold 
an informal hearing, it will publish a 
notice in the Federal Register 
announcing the time, place, and date of 
the hearing, explaining how interested 
persons or organizations can request to 
participate in the hearing, and 
describing the hearing procedures. 

EPA has considered the comments 
submitted on its November 1,1994, 
proposal in developing this modified 
proposal. Labor organizations 
representing State and local governnient 
employees were among the commenters. 
EPA also met with those organizations 
prior to developing this modified 
proposal. 

H. Children's Health 
Executive Order 13045, entitled 

Protection of Children from 
Environmental Health Risks and Safety 
Risks (62 FR 19885, April 23,1997), 
does not apply to this proposed rule 
because it is not "economically 
significant" ·as defined under Executive 
Order 12866. However, it is EPA's 
policy to consistently and explicitly 
consider risks to infants and children in 
all risk assessments generated during its 
decisionmaking process, including the 
setting of standards to protect public 
health and the environment. 

EPA has determined that children are 
physiologically more vulnerable to 
asbestos exposures than adults, and that 
this rule would prevent approximately 
65.65 cancer cases among persons with 
childhood exposures to asbestos from 
school buildings. EPA also expects that 
this proposed rule would result in other 
benefits associated with lower asbestos 
exposures, such as a reduced incidence 
of non-cancerous health effects such as 
asbestosis, pleural plaques, and pleural 
effusion. EPA expects the proposed rule 
to substantially benefit children by 
reducing the incidental exposures 
children face while attending affected 
schools. By reducing ambient asbestos 
concentrations in school buildings, this 

rule would help protect children from 
the disproportionate asbestos exposure 
risk they "face. Additional details are 
contained in Unit II.B.1.f. and in the 
Economic Analysis (Ref, 18). 

I. National Technology Transfer oDd 
Advan,cemenl Act· 

Section 12(d) of the Na~ional 
Technology Transfer and Advancement 
Act of1995 (NTTAA), Public Law 104-
113, section t2(d) {15 U.S.C. 272 note) 
directs EPA to use voluntary consensus 
standards in its regulatory activities 
unless-to do so would be inconsistent 
with applicable law or o~herwise 
impractical. Voluptary consensus 
standards ue technical standards (e.g., 
materials specificatiOns, test methods, 
sampling procedures, and business 
practices) that are developed or adopted 
by voluntary consensus Standards 
bodies. The NIT AA directs EPA to 
provide Coilgress, through OlrfB, 
explanations when the Agency decides 
not to use available and applicable 
voluntary consensus standards. 

This rulemaking involves several 
technical standards and EPA has 
searched for potentially applicable 
voluntary standards. :The results of this 
search are described in this unit. 
However, EPA's primary goal in 
proposing these amendments to the 
WPR is to achieve consistency with the 
1994 OSHA Standards. As noted 
elsewhere in this preamble, EPA has 
determined that having different 
standards for public and private sector 
workers is inefficient and unfair, and 
that EPA should generally defer to 
OSHA's expertise in the matter of 
worker protection. Therefore, EPA finds 
that any voluntary consensus standard 
which is inconsistent with the 
applicable OSHA Standards is 
impractical under NIT AA section 
12(d)(3). 

One of the technical standards in the 
WPR is the method for analyzing 
personal air monitoring samples. Under 
the 1987 WPR, personal air monitoring 
samples must be analyzed using the 
method prescribed in Appendix A to 40 
CFR 763.121 (phase-contrast 
microscopy) or an equivalent method. 
The 1994 OSHA Standards, which this 
proposal would adopt by cross
reference, contain the identical 
requirement and analytical method. 
EPA has performed a search to identify 
any potentially applicable voluntary 
consensus standards, but is unable to 
identify any alternatives to the current 
method of analysis. In addition, as 
discussed in Unit II.A.2.d., EPA's 1994 
proposal would have allowed an 
alternative PEL based on personal air 
monitoring samples analyzed through 
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transmission electron microscopy. 
Commenters called into question the 
scientific basis for setting the alternative 
PEL and, as a result, EPA is 
withdrawing that portion of its 1994 
proposal. 

These amendments to the WPR adopt 
specific engineering controls and work 
practices, which could be considered a 
technical standard for conducting 
asbestos construction work and brake 
and clutch repair operations. EPA has 
identified several voluntary consensus 
documents that address aspects of the 
proper performance of asbestos 
abatement actions and asbestos 
operations and maintenance activities. 
The National Institute of Building 
Sciences (N1BS) has developed two 
documents to assist building owners 
and employers who are performing 
asbestos abatement and operations and 
maintenance projects. "Asbestos 
Abatement and Management in 
Buildings, Model Guide Specifications" 
(Ref. 25), is designed to be used as a 
guide to developing appropriate 
contract specifications. In addition to 
particular provisions for minimizing 
worker exposure to asbestos, the 
comprehensive "Model Guide" includes 
specifications for ail other aspects of 
worker safety and fire prevention, as 
well as general contract language 
establishing the rights and 
responsibilities of the contractor and 
building owner. 

NIBS bas also developed guidance 
materials for building operations and 
maintenance projects that involve 
asbestos-containing materials. The 
"Guidance Manual, Asbestos Operations 
and Maintenance Work Practices" {Ref. 
26), is designed to help the building 
owner or employer properly manage in
place asbestos-containing materials. The 
"Manual" contains extensive 
recommendalions, including sample 
checklists and forms, on the 
administration of a building operalions 
and maintenance program. The 
"Manual"also provides explicit 
guidance-on how to protect workers and 
building occupants from asbestos 
exposure during normal building 
maintenance activities such as pipe 
repair, wiring installation, and floor 
cleaning and polishing. 

EPA highly recommends the use of 
these NIBS documents for building 
owners and employers. Both of these 
documents were revised in 1996 to 
reflect the 1994 amendments to the 
OSHA Standards, and EPA believes that 
the use of these documents would 
facilitate compliance with the asbestos 
abatement and building operations and 
maintenance requirements in the 
proposed WPR. However, since each of 

these documents are extremely detailed 
and encompass many circumstances 
beyond the scope of this rulemaking, 
EPA does not believe that it is practical 
or appropriate to incorporate these 
consensus documents into the WPR. In 
addition, the Preface to the "Guidance 
Manual" explicitly states that this 
particular document is not intended to 
be used for regulatory purposes. 

The American Society for Testing and 
Materials {ASTM) has developed two 
potentially applicable documents: 
"Standard Practice for Visual Inspection 
of Asbestos Abatement Projects" {Ref. 
27), and "Standard Practice for 
Encapsulants for Spray-or· Trowel· 
Applied Friable Asbestos-Containing 
Building Materials" {Ref. 26). The 
ASTM documents also represent state
of-the-art knowledge regarding the 
performance of these particular aspects 
of asbestos abatement and operations 
and maintenance activities, and EPA 
highly recommends their use. However, 
as with the NIBS documents, EPA is not 
proposing to incorporate them into the 
WPR because, in many instances, the 
specifications are more comprehensive 
and rigorous than the requirements of 
the current OSHA standard. As a result, 
EPA has determined that adoption of 
the ASTM and NIBS documents would 
be impractical under NTT AA section 
12{d)(3). 

Finally, EPA is proposing to adopt by 
cross-reference the appropriate 
provisions of the OSHA Respiratory 
Protection Standard at 29 CFR 1910.134. 
As discussed in Unit II.A.2.j., the OSHA 
Respiratory Protection Standard 
establishes comprehensive requirements 
for the selection, use, and maintenance 
of respirators. When this Standard was 
amended in 1998, OSHA incorporated 
nearly all of the provisions of the ANSI 
Z66.2·1992 respiratory protection 
standard, a voluntary consensus 
standard (Ref. 29). OSHA's limited 
number of departures from the ANSI 
standard involved instances where 
OSHA determined on the record that the 
ANSI standard was either insufficiently 
protective or unduly burdensome. The 
preamble to the OSHA Respiratory 
Protection Standard {Ref. 14, pp.l152-
1300) discusses in detail the differences 
between the_ OSHA Standard and the 
ANSI standard. EPA agrees with 
OSHA's analysis on the incorporation of 
the ANSI standard. Therefore, by 
proposing to adopt, by cross-reference, 
the revised OSHA Respiratory 
Protection Standard, EPA is 
incorporating a voluntary consensus 
standard to the maximum practical 
extent under the NTT AA. 

EPA welcomes comments on this 
aspect of the proposed rulemaking. The 

public is specifically invited to identify 
potentially applicable voluntary 
consensus s!andards and to explain why 
the benefits of using such standards in 
this regulation would outweigh the 
problems associated with promulgating 
a worker protection regulation that 
differs from the OSHA Standards. 

/.Constitutionally Protected Property 
Rights 

EPA has complied with Executive 
Order 12630, entitled Governmental 
Actions and Interference with 
Constitutionally Protected Property 
Rights {53 FR 8659, March 15, 1966), by 
examining the takings implications of 
this rule in accordance with the 
"Attorney General's Supplemental 
Guidelines for the Evaluation of Risk 
and Avoidance of Unanticipated 
Takings" issued under the Executive 
Order. 

K. Civil Justice Reform 

In issuing this rule, EPA has taken the 
necessary steps to eliminate drafting 
errors and ambiguity, minimize 
potential litigation, and provide a clear 
legal standard for affected conduct, as 
required by section 3 of Executive Order 
12966, entitled Civil Justice Reform (61 
FR 4729, February 7, 1996). 

List of Subjects in 40 CFR Part 763 

Environmental protection, Asbestos, 
Schools, Hazardous substances, 
Reporting and recordkeeping 
requirements, Worker protection. 

Dated: April 20, 2000. 

Carol M. Browner, 
Administrator. 

Therefore, it is proposed that 40 CFR 
chapter l, subchapter R, be amended as 
follows: 

PART 763---{AMENOED] 

1. The authority citation for part 763 
would continue to read as follows: 

Authority: 15 U.S.C. 2605, 2607(c), 2643, 
and 2646. 

2. By revising§ 763.9I(b) to read as 
follows: 

§ 763.91 Operations and maintenance. 
• • • • 

(b) Worker protection. See subpart G 
of this part. 
• • • • • 

Appendix B to Subpart E !Removed and 
reserved] 

3. By removing and reserving 
Appendix B to subpart E. 

4. By revising subpart G to read as 
follows: 
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Subpart G-Asbestos Worker Protection 

Sec. 
763.120 What is the purpose of this 

subpart? 
763.121 Does this subpart apply to me? 
763.122 What does this subpart require me 

to do? 
763.123 May a State implement its own 

asbestos worker protection plan? 

Subpart G-Asbestos Worker 
Protection 

§ 763.120 What is the purpose of this 
subpart? 

This subpart protects certain State 
and local government employees who 
are not protected by the Asbestos 
Standards of the Occupational Safety 
and Health Administration (OSHA). 
This subpart applies the OSHA Asbestos 
Standards in 29 CFR 1910.1001 and 29 
CFR 1926.1101 to these employees. 

§ 763.121 Does this subpart apply to me? 
If you are a State or local government 

employer and you are not subject to a 
State asbestos standard that OSHA has 
approved under section 16 ofthe 
Occupational Safety and Health Act or 
a State asbestos plan that EPA has 
exempted from the requi~ments of this 
subpart under§ 763.123, you must 
follow the requirements of this subpart 
to protect your employees from 
occupational exposure to" asbestos. 

§ 763.122 What does this subpart require 
me to do? 

If you are a State or local government 
employer whose employees ~erform: 

(a) Construction activities tdentified 
in 29 CFR 1926.1101(a), you must: 

(1) Comply with the OSHA standards 
in 29 CFR 1926.1101. 

(2) Submit notifications required for 
alternative control methods to the 
Director, National Program Chemicals 
Division (7404), Office of Pollution 
Prevention and Toxics, Environmental 
Protection Agency, Ariel Rios Bldg., 
1200 Pennsylvania Ave., NW., 
Washington, DC 20460. 

(b) Custodial activities not associated 
with the construction activities 
identified in 29 CFR 1926.1101(a), you 
must comply with the OSHA standards 
in 29 CFR 1910.1001. 

(c) Repair, cleaning, or replacement of 
asbestos-containing clutch plates and 
brake pads, shoes, and linings, or 
removal of asbestos-containing residue 
from brake drums or clutch housings, 
you must comply with the OSHA 
standards in 29 CFR 1910.1001. 

§763.123 May a State Implement its own 
asbestos worker protection plan? 

This section describes the process 
under which a State may be exempted 
from the requirements ofthis subpart. 

(a) States seeking an exemption. If 
your State wishes to implement its own 
asbestos worker protection plan, rather 
than complying with the requirements 
of this subpart. your State must apply 
for and receive an exemption from EPA. 

(1} What must my State do to apply 
for on exemption? To apply for an 
exemption from the requirements ofthis 
subpart. your State must send to the 
Director of EPA's Office of Pollution 
Prevention and Taxies (OPPT) a copy of 
its asbestos worker protection 
regulations and a detailed explanation 
of how your State's asbestos worker 
protection plan meets the requirements 
ofTSCA section 18 (15 U.S.C. 2617). 

(2) What action wm EPA take on my 
State's application for an exemption? 
EPA will review your State's application 
and make a preliminary determination 
whether your State's asbestos worker 
protection plan meets the requirements 
ofTSCA section 16. 

(i) If EPA's preliminary determination 
is that your State's plan does meet the 
requirements ofTSCA section 16, EPA 
will initiate a rulemaking, including an 
opportunity for public comment, to 
exempt your State from the 
requirements of this subpart. After 
considering any comments, EPA will 
issue a final n..~le granting or denying the 
exemption. 

(ii) If EPA's preliminary 
determination is that the State plan does 
not meet the requirements of TSCA 
section 18, EPA will notify your State in 
writing and will give your State a 
reasonable opportunity to respond to 
that determination. 

(iii} If EPA does not grant your State 
an exemption, then the State and local 
government employers in your State are 

subject to the requirements of this 
subpart. 

(b) States that have been granted an 
exemption. If EPA has exempted your 
Stale from the requirements of this 
subpart, your State must update its 
asbestos worker protection regulations 
as necessary to implement changes to 
meet the requirements of this subpart, 
and must apply to EPA for an 
amendment to its exemption. 

(1) What must my State do to apply 
for an amendment? To apply for an 
amendment to its exemption, your State 
must send to the Director of OPPT a 
copy of its updated asbestos worker 
protection regulations and a detailed 
explanation of how your State's updated 
asbestos worker protection plan meets 
the requirements ofTSCA section 18. 
Your State must submit its application 
for an amendment within 6 months of 
the effective date of any changes to the 
requirements of this subpart, or within 
a reasonable time agreed upon by your 
State and OPPT. 

(2) What action wm EPA take on my 
State's application for on ameildment? 

'EPA will review your State's application 
for an amendment and make a 

'preliminary determination whether your 
State's updated asbestos worker 
protection plan meets the requirements 
of TSCA section 18. 

(i) If EPA determines that the updated 
State plan does meet the requirements 
ofTSCA section 18, EPA will issue your 
State an amended exemption. 

(ii} If EPA determines that the 
updated State plan does not meet the 
requirements ofTSCA section 18, EPA 
will notify your State in writing and 
will give your State a reasonable 
opportunity to respond to that 
determination. 

(iii) If EPA does not grant your State 
an amended exemption, or if your State 
does not submit a timely request for 
amended exemption, then the State and 
local government employerS in your 
State are subject to the requirements of 
this subpart. 

[FR Doc. OQ-10517 Filed 4-26-00: 8;45 am) 
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Richard C. Guglomo, P.E. 

Civil Engineer 

Education 
MS, Civil Engineering, San Jose State University, 1968 
BS, Civil Engineering, Washington State University, 1964 

Registration 
Civil and Sanitary Engineer, Washington 
Civil Engineer, Arizona, Cahfomia, TIIinois, Iowa, Kansas, Missouri, Montana, Nebraska,_ 

New Mexico, Or~gon 

Professional Summary 
Mr. Guglomo's career has spanned a broad range of engineering activities. In addition to 
extensive design work, he has conducted investigations and participated in construction 
management as a resident engineer and a project manager. 

Mr. Guglomo has 40 years of varied background experic;:nce in civil engineering practice. 
His chief area of expertise is the design of new and the expansion of existing facilities, 
and the complete design of the various infrastructure facilities associated with such 
installations. Mr. Guglomo has managed the preparation of numerous facility plan 
studies. He is an experienced design team coordinator bringing all of the project disci
plines together to produce a smooth project completion. Mr. Guglomo is also experienced 
-in the preparation of Process and fnstrumentation Diagrams for projects. usually 
preparing the first draft of these drawings for use by the electrical/instrumentation 
engineers. 

Mr. Guglomo has been engaged for the last nine years in design and construction of over 
$50M of railroad facilities. 

Relevant Project Experience 

• Construction Coordinator for Recent Projects - BNSF Various. Construction 
Coordinator for the following recent BNSF projects: 

• Fueling Facilities at Murray Yard in North Kansas City, Missowi ($3.5M) 

• Wastewater Treatment Plant at Murray Yard ($3.5M) 

• Wastewater Treatment Plant at Alliance Nebraska ($2M) 

• Wastewater Treatment Plant at Gallup, New Mexico ($1.5M) 

• Wastewater Treatment Plant at Belen, New Mexico ($2M) 

• Butte/Silverbow Superfund Cleanup at Butte, Montana ($3.5M) 

• Project Manager and Constrnction Coordinator- BNSF Clyde Yard, Cicero, Illinois. 
Project Manager for the redesign of Diesel Shop Electrical and HV AC, Salt Storage 
Shed Demolition and Rehabilitation, Trackage Redesign, and Electrical and 
Instrumentation for the DFO Fueling Facilities. BNSF designed the improvements for 
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the Clyde Yard in 1991. By the time the project went to bid in early 1998,- major 
portions of the project were obsolete and in need of redesign. The existing trackage 
had been modified and the design to fit the new facilities ·into the exist,ing had to be 
revised. Kennedy/Jenks Consultants revised the- design and lowered ihe trackage 
construction cost from $5M to $3M. 

Project Manager for the design of a new sanding system to fil1 sandboxes of 
locomotives with track sand. This design was an off-the-shelf design using· easily 
available components. The desi~ was copied and upgraded from facilities at CSX 
and Norfolk Southern in Binniniham, Alabama. 

Construction Coordinator for the bidding, award, and construction management of 
the Clyde Yard Facilities. This project was constructed during 1998 and 1999. The 
facilities '.Vere started up in late 1999. · 

• Construction Manager for Upgrades - BNSF Clyde Yard, Cicero, Illinois. 
Kennedy/Jenks Consultants performed construction of upgrades to the Clyde" Yard 
facilities. These upgrades were requested by the General Forman at Clyde Yard and 
consist of piping, operational, and modifications to new facilities constructed in 1998 
and 1999. 

• Project Engineer for Fueling Facility Design - BNSF Sioux City, Iowa. Design of a 
new single track fueling facility to replace the existing facilities at Sioux C1ty. The 
facilities consist of a new tank farm with two each 125,000 gallon DFO storage 
tanks, a lined secondary containment basin for the DFO tanks, a new Lube Oil tank, a 
new Used Oil tank, a new DFO and Lube Oil Pump Station to pump DFO and Lube 
Oil to the fueling platform, a new Utilidor for piping from the pump station to the 
fueling platform, a new single track fueling platform With features to expand it to two 
tracks in the future, and a new wastewater treatment system. 

The project has been completed except for installation of the equipment. Currently 
the facility is being used a Direct To Locomotive (DTL) fueling faciJity. New track to 
move Consists from the yard onto the platform is in place. 

After completion of Phase 2, a new Sand Towers was erected north of the new 
fueling platform. 

• Project Engineer for Fueling Facility Preliminary Design - BNSF Temple, -Texas. 
Project Engineer for the design of new fueling facilities for the yard in Temple Texas. 
A 35 percent design was prepared including a definitive level cost estimate. After 
evaluating the cost the project was postponed for completion to the future. 

• Project Manager for Small Projects - BNSF Various Locations. Several projects on 
the west coast, including sand system rehabilitation at Barstow, California, a new 
sand system at Spokane, Washington, fueling facility upgrade at Interbay in Seattle, 
Washington, building expansion in Vancouver, Washington, double contained DFO 
piping at lnterbay in Seattle, new exit door for the diesel shop at Interbay in Seattle, 
and a new sand tower at the yard in Everett, Washington. 
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Charles Soule, R.G. 

Senior Hydrogeologist 

Education 
MS, Geology/Hydrogeology, Western Michigan University, 1988 
MS, Geoscience/Geomorphology, University of Arizona, 1978 
BA, Geology, Miami University of Ohio, 1972 

Registration 
Registered Geologist, California 
Licensed Hydrogeologist, Washington 

Professional Summary 
Mr. Soule is a Registered Geologist with more than 20 years experience applying surface 
and subsurface geological interpretation to environmental and natural resource projects. 
He has managed investigations and remedial designs for sites throughout the United 
States involving surface and subsurface transport of hazardous substances. He has 
designed and implemented groundwater monitoring programs for both municipal water 
supply and hazardous substance projects, including design and implementation of 
remedial actions for industrial properties, landfills, and UST sites. Mr. Soule has man~ 
aged remediations involving soil capping, soil bioremediation, vapor ex.traction systems, 
and groundwater remediation systems at numerous sites. In addition to his geological 
expertise, Mr. Soule is knowledgeable in historical practices of the railroad industry. 

Currently, Mr. Soule is managing design and implementation of a response action for 
railroad beds impacted by mining wastes at a major Superfund Site in Montana. This 
project has required capping of more than 16 acres of mining impacted .railbed and 
adjacent land with soil or rock caps, construction of I lined and 3 unlined stormwater 
retention basins, and construction of a repository for 27,000 cubic yards of mining~ 
impacted materials. For this project, he is also participating in management of the Rl/FS 
on behalf of some of the PRPs and provides technical support for allocation negotiations 
among the site PRPs. He is also currently conducting characterization of fuel releases at 
three railroad yards. 

Prior to joining Kennedy/Jenks, Mr. Soule conducted wellhead protection investigations 
for several large water districts, and managed independent remedial actions at numerous 
sites, usually involving bioremediation of soil containing petroleum hydrocarbons. His 
Master's Thesis investigated magnitudes of prehistoric earthquakes in Arizona. 

Representative Project Experience 

• Project Manager for preparing an evaluation of conceptual response options for a 
railyard in Montana with soil containing asbestos. This project evaluated several 
capping and removal options for soil within the track structure. Conceptual designs 
were developed for the options, and they were compared based on overall protection 
of human health and the environment, compliance with action levels, short~tenn and 
long-term effectiveness, reduction of toxicity, mobility and volume, 
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Implementability, and cost effectiveness. Based_ on the results of the evaluation, the 
preferred option is currently under fast track design for bidding and construction. 

• Project Manager for two major railroads regarding technical issues related to railroad 
beds impacted by mining waste at a mining-related Superfund site in Butte, Montana. 
Major contaminants of concern include metals a_nd arsenic in soil and groundwater. 
This project has been ongoing for several years, and have included the following 
activities: 

• Conducted a complex environmental characterization of the railbeds. 

• As technical representative for the two railroads, participates- with other PRPs to 
oversee preparation of an Rl/FS by another contractor. 

• As technical representative for the two railroads, participated with other PRPs to 
provide appropriate exposure input and review Risk Assessments for human 
health and for environmental risk prepared by an EPA contractor. 

• As technical representative for the two railroads, assists with teclmical aspects of 
allocation negotiations both between the railroads and between the rai1roads and 
the other PRPs. 

• Oversaw design of response actions for rail'qeds owned/operated by the two 
railroads and another PRP, and implementation of those response actions for 
railbeds owned/operated by the two railroads. 

• Project Manager for site characterizations of three railroad yards in Montana and 
North Dakota with subsurface releases of die~el fuel resulting from historic site 
activities. Site activities have included review of historical site facilities, subsurface 
soil sampling, installation and sampling of substantial monitoring well networks, 
assistance in preparation of Human Health Risk Assessments for two of the sites, and 
participation in continuing regulatory negotiations for implementation of voluntary 
site cleanup plans utilizing intrinsic bioremediation. 

• Technical consultant for reviewing Remedial Design, regulatory liaison and prepar~ 
ing arbitration submittals for contaminated sediments in a marine waterway at a 
Superfund site in Tacoma, Washington. Major contaminants of concern include car~ 
cinogenic PAHs and other organic compounds. The client, a major railroad, operated 
a drawbridge, a sma11 railyard, and a fueling facility in the vicinity of the waterway 
for about 75 years. Representative Project Experience with Previous Employer 

• Project manager for RIIFSIRD at a former railroad maintenance facility in Tacoma, 
W A. Activities included site and contaminant transport characterization, groundwater 
modeling, field and bench scale treatability studies for petroleum hydrocarbon con· 
taminated soil, and FS preparation. 

• Assessed petroleum hydrocarbon contamination associated with a historic bulk fuel 
facility located on property owned by the client. Bioremediated approximately 1,600 
cubic yards of dieseJ.contaminated soil in six weeks, and closed the site as an 
independent remedial action under Washington's Model Taxies Control Act. 
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David A. Diem, P.G. 

Construction Manager/Senior Geologist 

Education 
Bachelor of Science, Geology, San Diego State University, 1982 
Graduate Studies, Geology, Montana State University, 1985 
Asbestos Safety I & II, Safety Specialists, 1986 
Fundamentals of Gas Chromatography, Varian Corporation, 1987 
OSHA 40-Hour, Health and Safety Course (Standard & Supervisor) 
OSHA Certification as "Competent Person'' for Trenching and Shoring 

Registration 
Registered Environmental Assessor, California, #00499 

Professional Summary 
Dave Diem currently serves as a Kennedy/Jenks Engineers Project Manager. Dave has 
been a practicing professional in the construction, hazardous waste and environmental 
industry for nearly 20 years. He has particular expertise in the area of construction 
management, and in 2003 completed construction man~gement services for construction 
of a water treatment plant in Northern California, and an industrial waste water treatment 
plant for BNSF in Barstow, CA. In addition, in 2001 and 2002, Dave completed a two· 
year commitment as the onsite Construction Mana8er for Kennedy/Jenks for a large EPA 
Superfund cleanup site for BNSF in Butte, Montana. He has established himself within 
the Southern California community as evidenced by his previous position as Construction 
Project Manager of Environmental Services for PTES while working on a large ?·year 
Environmental Job Order Contract (EJOC) with the U.S. Navy in San Diego. In that 
capacity, Dave managed many construction and demolition projects at virtually every 
military installation in Southern California. 

Mr. Diem has managed multi-million dollar projects throughout the western United 
States (including Alaska) that have involved: site remediation, asbestos and lead 
mitigation, water and waste water facilities construction, construction and remediation of 
mining wastes, UST removal, UST installation, large.scale soil and groundwater bio· 
remediation, installation of groundwater treatment systems, and demolition of large 
government facilities. 

Relevant Project Experience 

• Asbestos and lead remediation of large multi-building facility for the U.S. Navy at 
the former Miramar Naval Air Station (Top Gun School). Project involved 
containment and removal of friable asbestos containing material (ACM). In addition 
to removal and disposal of ACM floor and ceiling tiles, large quantities of paint 
containg lead was also removed. This project was approximately a year in 
implementation, involved many buildings and barracks, and was performed under the 
U.S. Navy's Installation and Restoration Program (IRP). 

Kennedy/Jenks Consultants 
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• Asbestos and lead removal during demolition of the "Old Fire Fighting School'' at the 

Naval Station, San Diego (32"d Street). The Project involved demolishing the largest I 
military fire fighting facility in the United States. The ACM was p~im~rily friable, 
and was found in duct work, .floor tiles, celling tiles, pipe wrap and other Insulation. 
The removal activities lasted approximately 1 and Yz -years. This work was also I 
performed as part of the Navy's IRP program. 

• Resident Construction Manager for remediation and mitigation of impacted soil and 
surface water derived from wastes produced during mining activities in Butte, 
Montana. The project was Perfonned for two Class I Railroads, and was 
accomplished under the direction of the EPA, and is part of the Silver Bow 
Creek/Butte Area National Priority List (NPL) Site. The soil and· surface water 
impacts consisted of arsenic, copper, lead and zinc. Remediation activitie_s included 
construction of approximately 5,000 linear feet of surface water diversion ditches; 
construction of three impoundment basins totaling over 1 0-acres ·in surface: area; 
rec1amation of approximately 16-acres of revegetation, rock capping, or cellular
confinement (honeycomb geotextile and rock) ·caps on steep slopes; and construction 
of a soil repository that currently is storing and capping approximately 27,000 cubic 
yards of impacted soil and mining waste rock. 

• Resident Construction Manager/Resident Engineer for demolition and: rebuild of an 
industrial wastewater treatment plant (fWWTP) for a Class I Railroad ·company. 
Work entailed complete demolition of two thirds of an existirig IWWTP, and 
rebuilding a new state of the art faCility. The project included installation of a new 
dissolved air flotation tank, two 15,000-gallon sludge holding tank, two 20,000-
gallon oil sludge tanks, sand filter tanks, re-coating the 900,000-ga~lon equalization 
tank, construction of evaporation ponds, and all related work to produce a state of the 
art operating facility. The work was scheduled to be perfonned in 7-months, and was 
finished on time and within project budget. As the Construction Manager, Dave was 
responsible for all day to day activities, including daily safety briefings, scheduling, 
project cost analyses, inspection of completed work, direct oversight of the prime 
contractor, interface with the local regulatory agencies, and interface with the clients 
representatives. 

• Resident Construction Manager/Resident Engineer for construction of a new water 
treatment plant for a small water district in Northern Ca1ifomia. The work started at 
the end of 2002, and was completed by May of 2003. The work entailed oversight of 
a prime contractor who was responsible for construction of a new small operating 
plant from the ground up. Dave was responsible for daily oversight of installation of 
all mechanical elements, construction of the new building, installation of fencing, 
landscaping, concrete work, and all applicable Fire Department requirements. 

• Resident Construction Manager for construction of a lined containment lagoon 
located in Gallup, New Mexico. The project was perfonned for a Class I Railroad in 
support of mitigation of impacted stonn water runoff from a rail yard operation. The 
project consisted of construction of the HDPE lined lagoon (approximate combined 
surface area of l/2-acre), and installation of diversion channels. 

Kennedy/Jenks Consultants 
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• Resident Construction Manager for construction of two hned containment lagoons 
located in Temple, Texas. The project was performed-· for a Class I Railroad in 
support of mitigation of impacted storm water runoff from a rail yard 'operation. The 
project consisted of construction of two HOPE lined lagoons (approximate combined 
surface area of 2-acres), installation of new oil/water separator, and installation of 
diversion channels. 

• Provided Construction Management to a project involving the blasting, repair and 
lining of thirteen 500,000-gallori -USTs at the Naval Air Station, Nprt~ Island. The 
USTs supplied all fuel to the aircraft carriers and jet airplanes. 

• Construction oversight for construction of two Navy Exchange service stations and 
for the removal and installation of four large capacity USTs · · 

• Construction Management of the demolition and site preparation of the Old 
Firefighting Training Facility at the Naval Air Station, San Diego. Work inVolved 
demolition of a three-story stainless steel "bum-building," crew's quarters, and office 
buildings. All out-buildings contained asbestos and lead. In addition, work included 
removal of 12 USTs of various sizes, removal of a 1,000-foot Jong/6-inch diameter, 
JP-5 pipeline, and installation of a dual-phase groundwater/vapor recovery system. 

• Construction oversight of the removal of approximately 50 USTs ofvarious_sizes in 
various locations. 

• Construction Management of soil remediation of a large diesel spill for an 
agricultural facility located in Meridian, California. The project involved excavation 
and removal of impacted soils and groundwater; set-up of the onsite treatment 
facility, soil and groundwater sampling and analysis, overseeing the application of 
specia11y formulated bio-cultures, operational consultation _and . regulatory 
compliance. 

• Subsurface assessment and remediation for a fonner Texaco service station in Lodi, 
California. The project involved a soil gas survey, soil boring and groundwater 
monitoring well installation, soil and groundwater sampling and analysis, feasibility 
study presenting remedial action options, operational consultation and regulatory 
compliance. 

• Oversight of soils/groundwater assessment and remediation of a large multi-UST site 
in Grass Valley, California. The project involved excavation and removal of 
hydrocarbon-impacted soils and groundwater, set-up of onsite treatment facility, soil 
and groundwater sampling and analysis, operational consultation and regulatory 
compliance. 

• Oversight of soils/groundwater assessment and remediation for a multi-UST site 
located on a large sod growing facility in Davis, California. The project involved 
excavation and removal of hydrocarbon-impacted soils and groundwater, set-up of 
the onsite treatment facility, soil and groundwater sampling and analysis, operational 
consultation and regulatory compliance. 

Kennedy/Jenks Consultants 



Experience Profile 
Tanya L. Drake 

Senior GeologisUOperations Manager- Minneapolis 

EDUCATION 
B.S. Earth Science- Geology, Saint Cloud State University 

TRAINING/CERTIFICATIONS 
lA Certified Groundwater Professional #1949 
40 Hour OSHA Training per 1920.120 
40 Hour NIOSH 582-E 
24 Hour Minnesota Asbestos Building Inspector 
40 Hour Minnesota Asbestos Site Supervisor 
Minnesota Air Monitoring Technician Course 
Radiation Safety and Measurement Technology 
Red Cross First Aid Training 
Red Cross CPR Training 
8 Hour On-Track Safety 

QUALIFICATIONS SUMMARY 

PROFESSIONAL AFFILIATIONS 
Minnesota Groundwater Association 

FIELDS OF SPECIALIZATION 
Site Investigations 
Regulatory Permitting 
Regulatory Reporting (RCRA, TSCA, AHERA) 
Compliance Audits (SPCC, SWPP) 
Subsurface Investigation 
Groundwater Modeling 
Asbestos Project Oversight 

Ms. Drake is a solid project manager and technical assistant with strong developmental and organizational 
skills and ten years of real-time experience. She has served as project manager on various storage tank 
sites for retail petroleum, government, and railroad clients. Her field responsibilities have included 
collecting and field screening soil and water samples, performing aquifer pumping and slug tests, 
surveying, trouble shooting equipment maintenance, overseeing well installation, tank removal, soil 
excavation, as wen as reporting to clients and regulatory- agencies. 

• Aquifer anitlysis and data collection using data logging, Aqtesolv and BRR Slug. 
• Field sample and data collection. 
• Interpretation of field data and preparation of reports and proposals for client and regulatory 

agency use. 
• Geology laboratory support services; including core sample analysis, weJI-logging, drill mud 

analysis, and total organic carbon testing. 
• Asbestos inspection and abatement oversight 
• Vermiculite in soils inspection, sampling, and removal oversight. 
• Hazardous Waste Management 
• Compliance audits for SPCC and SWPP 

Ms. Drake has served as Field Geologist or Project Manager for more than 100 petroleum-impacted sites 
in Minnesota, Wisconsin, Iowa, Nebraska, North Dakota, and South Dakota. 

SELECTED PROJECTS 
Soil Excavation for Asbestos Contaminated Soils, Minot, North Dakota, 
Project Manager This project involved the removal of 700 cubic yards of asbestos contaminated soils 
from railroad right-of-way in Minot, North Dakota. The United States Environmental Protection Agency 
(USEPA) conducted preliminary testing and delineation. Ms. Drake worked with the USEPA when 
planning and executing the project in order to comply with the processes and procedures set forth by the 
USEPA. EMR coordinated and oversaw the removal of the asbestos contaminated soils at the site. EMR 
conducted soil sampling and air monitoring associated with this project. Upon completion of the project, 

EMR,Inc 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Tanya L. Drake 
Senior Geologist Page2 

Ms. Drake prepared the final report for submittal to the USEPA on behalf of E.rviR's rajlroad client. The 
EPA granted the site regulatory closure in the fall of2003. 

Heavy Metal in Soils and Asbestos Inspection/Air Monitoring, Arden Hills, Minnesota •. 
Project Manager This project involved field screening heavy metals analysis in soils at a: former Anny 
Ammunitions facility in Arden Hills, Minnesota. Ms. Drake has been responsible for project 
management activities including scheduling of personnel, establishing protocol and dealing with client 
concerns and issues. EMR has utilized multiple dual-source XRF tmits to provide real-time field 
screening results to the contractor for the past four seasons. EMR also provided asbestos inspection and 
asbestos air monitoring services associated with un-pennitted landfills located on site during excavation 
activities. Ms. Drake has been involved with the project in most aspects including management and 
providing relief operations for project personnel. 

Asbestos and Petroleum Impacted Soil Excavation, St. Paul, Minnesota: 
Program Manager This project involved removal of 4,000 cubic yards of asbestos and pen'oleum 
impacted soil. Soil removal was required for a building project scheduled on site; the sit~ is a railroad 
museum. EMR conducted soil screening for petroleum hydrocarbons and visual inspection for asbestos. 
The sources of the asbestos on site were buried insulated pipes. Ms. Drake provided program 
management -and also served as primary field person on site providing air monitoring and inspec~ion 
activities. 

Crosby Lake Business Park, St. Paul, Minnesota: 
Staff Geologist, Field Geological Investigation Team responsibilities include assisting the-geological 
investigation in site characterization, regulatory interpretation, groundwater modeling, and remediation. 
The site historically operated as a bulk storage facility/tank farm for Texaco. The investigation 
determined the type, amount and extent of environmental hazards present at the site; the risk assessment 
established cleanup levels. Ms. Drake served as on site field supervisor for three seasons. Remedial 
activities included excavation of impacted overburden for thermal treatment, land- fanning, and 
landfilling. She also conducted groundwater sampling associated with petroleum hydrocarbon impacts to 
the sandstone bedrock aquifer. Upon completion of field activities, the site was redeveloped by the St. 
Paul Port Authority. Impacts at the site included petroleum hydrocarbons and lead. Ms Drake was 
completing remediation on behalf of the client under Minnesota's Voluntary Investigation and Cleanup 
{VIC) Program for another consulting finn. 

Environmental Compliance Management, Upper Mid-West 
Project Manager These projects have involved efforts in most aspects of environmental compliance and 
waste management for multiple railroad clients. Topics of compliance covered under these program 
management responsibilities included; regulatory review, incident response, response planning, stonn 
water management, waste management, training, asbestos management, tank management, wastewater 
treatment, air pennitting, and noise related issues. Many other aspects of compliance and waste 
management are covered under these programs as well, including material management and recycling 
efforts. 

Coastal Mart, Inc. 
Project Manager for numerous LUST sites for Coastal Mart, Inc. sites located in Iowa, South Dakota, 
and Minnesota. Provided project oversight and field activities at approximately 80 sites in lowa; 
completing Tiered RBCA Site Assessment Reports, periodic Site Cleanup Reports, Tank Closure Reports, 
Free Product Recovery Reports, and Site Closure Reports, as warranted, for all Iowa sites. Ms. Drake has 
been involved in the LUST site management program for Coastal beginning in 1995 as a Staff Geologist. 

EMR,Inc 



Tanya L. Drake 
Senior Geologist Page3 

Phase I Site Investigation 
Project Supervisor for the assessment of various properties, while with another consulting finn, for 
government and industry clients including US West, General Motors, and the Minneapolis Community 
Development Agency. Ms. Drake was responsible for data collection and site investigation for property 
transfer. Responsibilities included contacting government agencies to _gather information related to spill 
history, endangered species, Native American historical properties, zoning, and history of the parcel. 
Field activities included the inspection for items of concern including transformers, storage tanks, spill 
evidence, building usage, and product usage. 
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EDUCATION 

Experience ProjHe 

David L. Welch 
Project Geologist 

B.S. Geology, Western Washington University, Bellingham, W A, !984 

REGISTRATIONS/ CERTIFlCATIONS 
International F\te Code Institute-Certified Washington UST Site Assessor 
AHERA Asbestos Building Inspector 
ABERA Asbestos Management Planner 
AHERA Asbestos Abatement Contractor/Supc:rvbor 
AHERA Asbestos Project Designer 
Califonlla-OSHA Certified Asbestos Consultant 
NIOSH 582 Course: Sampling and Evaluating Airborne Asbestos Dust 

EPA-Accredited Lee.d Inspector/Risk Assessor Training Course 
NITON XRF 7000 Series Trajrring Course 
EPA Lead Risk Assessor (WA, AK, ID, NE) 
Oregon Lead Risk Assessor 

FIELDS OF SPECIALIZATION 
+ Asbestos Project Design 
+ Asbestos Operation and Maintenance (O&M) Plans 
+ Asbestos Operation and Maintenance (Q&M) 16 hoUT Training C~urse Instructor 
• Asbestos Building Inspections and Abatement Oversight 
+ Asbestos Air Monitoring and PCM Analysis by NIOSH 7401) 
+ Computer Aided Drafting (CAD) 
+ Lead-based paint Inspections/Risk Assesaments 
+ Hydrocarbon Assessment/Remediation 

PAGE 02 

+ State RCRA Program: Model Toxics Control Act (MTCA) Cleanup Regulation Program, State of 
Washington: Remedial Investigationff'easibility Studies (RI!FS) 

+ Independent Remedial Action Process (IRAP) 
+ Dangerous Waste Manifests 
+ Pha:se I Environmental Site Assessments under AS1M "Due Diligence" 
+ Phase II Environmental Site Assessments 

REPRESENTATIVE PROJECT EXPERIENCE 
Mr. Welch has fourteen years Cxperience in tb.e eovironmental field. Mr. Welch has served as Project 

Manager/Project Geologist on assignments related to asbestos building inspections and abatement oversight, 
asbestos project design specifications, asbestos air monitoring, asbestos Operation and ~tenance (0&.1\() 

plans and training, assessment and remediation of contaminated soil and groundwater, Phase I Environmental 
Site Assessments and CADD design. His asbestos experience includes managing projects in Washington, 

Oregon. Idaho, Montana, Arizona and California. His geotechnical experience bas been focused on state· 

equivalent RCRA, and UST programs in Washington, Oregon, California and Nevada. Mr. Welch has 
primary experience in hydrocarbon contamination but bas also managed projects relating to mineral spirits, 
PCE, and lead. Mr. Welch has been involved 'With a variety of traditional and innovative remediation 

technologies, including pump and tre:at systems, vapor extraction, bio-enhanced vapor extraction, air 

sparging and aboveground bioremediation eclls. Mr. Welch has experience in supervising drilling 
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assessment projects utiliting hollow stem auger, mud rotary and alr rotary technology, and installation of 
groundwater monitoring wells, recovery wells, and vapor extraction weUs. · · 

• 

• 

• 

• 

Relevant Projects including Job Title and .Job Responsibilities 

Independent Remedial Action, Spok:lne, Washington -Managed an Independent ~-dial Action 
under MTCA on a fonner foundry site with extensive lead contaminated soils. Co.nductcd subsurface 
characterization and remedial investigation on site. Collected data from quarterly groundwater 
monitoring program on site that indicated lead was not leaching into a shallow groWldwater table Witbio. 
the zone of highest soil contamjnation. Cleanup alternatives were evaluated with.·~ multi-layer 
impermeable cap and imposed institutional controls proposed for a long-term solution. 

Subsurface CharacterizationfRemedial Action, Bellevue, Wasbi.ngron- A.~isted in field ¥SCSSmcn.t, 
modeling and reports pertaining to a release of tetrachloroethane (PCE) into subsurface soil~ at a former 
dry-cleaning facility. The project was concurrent with a contracted development ofthe.proptrty into an 
upscale shopping center. The project underwent an lRAP coordinated with the Washington State 
·Department of Ecology (WOO E). 

System-Wide Asbc.rtos Program, Major Railroad -Conducted asbestos inspections, re-inspcetiOns, 
pre-desi,gn _survey, CADD design, design specification tnanuals, project site management/air monitoring 
and building inspection reports for project sites in 22 states. · 

Syste ..... Wide Verm'icutite Characterization and Removal Program, Major Railroad-provided 
expertise in developiJig building 1nspections, pre-design surveys, CADD desi&n. design specifications 
manuals, and project site management/air monitoring for managing venniculite in 22 states. 

• Asbestos Management-Major Bank- Project management, survey, design and project site management 
during removal of asbestos-containing materials at four bank branches undergoing remodel in the Puget 
Sound area. Work was conducted at night during offhours and had special security access protocols that 
were adhered to. 

• Asbestos MaJtagement - Truck Manufacturer ~ Project management, facility SW"Vey, design 
specifications, Operation and Maintenance Plan, awareness training seminars at Seattle plant Survey 
required lift access coordination and site safety considerBtions. 

• Asbestos Management- M.ulti-tenaot Commercial Building Owuer- Project managemcnt, facility 
survey, design specifications manual, proposed Operation and Maintenance Plan ~d awareness training 
seminars. Survey was conducted for existing owner as part of an interested buyer's request. Project 
conducted concurrently -with independent remedial action. for this former bulk fuel terminal. Proposed 
multiple options and costs for asbestos management/removal depending on fub.lre site use. 

• Asbestos Management - Major Railroad -designed and implemented a 16 hour Operation and 
Maintenance (O&M) ·training program tailored fot structures and telecom personnel 

• PhllSe 1 ESA, AsbtStos Bullding Inspection, Projed Design Specitica.tions and Pf(ljed: Site 
Management/Air Monitoring • Industrial Building Owner Partnership - Con?~cted P~e I 
ESA/ AHERA building inspection for design and removal of all friable asbestos-contammg matenals. 
The project was conducted within the proposed budget and schedule. 
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Robert D. Gilmore, C.I.H. 
Principal, Certified Hygienist 

Professional summary 
Mr. Gilmore, a Certified Industrial Hygienist, has more than 25 years expe~ence directing 
environmental science, industrial hygiene, and safety programs at various private aQd government 
installations. His duties have included direct project management, from conceptual design through 
remediation, of environmental contamination and hazardous materials abatement projects. He has 
expertise in OSHA, EPA, and other federal and state regulations governing the establishment of 
health, safety, and environmental protection programs. Mr. Gilmore has demonstrated management 
skills in program development and implementation; budgeting, marketing, and contract administration; 
profit/loss accountability; and personnel administration. HiS technical skills/experience include 
extensive regulatory compliance and litigation support consultation; management of projects up to 
$20 million in construction costs and/or $2 million in technical services: and development and 
instruction of technical training programs in environmental sci'ences. Mr. Gilmore haS served as an 

, expert witness in federal and state courts; he is frequently retained as an instructor. and invited public 
speaker on environmental, health and safety issues; and has served as a technical resource in 
construction claim arbitrations regarding regulatory agency action and environmental impact claims. 
He has provided technical consultation services throughout the United States, including Alaska and 
Hawaii, and has traveled to and/or worked on construction projects in Canada, Mexico, South 
America, Europe, South Africa, and the Caribbean. 

Professional qualifications 
Certified in the Comprehensive Practice of Industrial Hygiene, American Board of Industrial Hygiene 

U. S. Environmental Protection Agency, AHERA -accredited Asbestos Supervisor/Building 
Inspector/Management Planner/Project Designer 

U.S. Department of Labor, OSHA Certified Instructor, OSHA Training Institute 

State of Washington, Certified Asbestos Project Supervisor, Washington 

Education 
University of Washington, Seattle, Washington, M.A.Sc. Public Health and Industrial Hygiene, 1979 

University of Washington, Seattle, Washington, B.A.Sc. Environmental Health, Minor Microbiology 
and Chemistry, 1972 

Resume Divisioo- Environmental Services Gilmore_ Master Resume.docdoc 



Robert D. Gilmore 

Memberships 
American Academy of Industrial Hygiene (Diplomate) 

American Industrial Hygiene Association 

American Society for Testing and Materials 

American Society of Safety Engineers 

American College of Forensic Examiners 

Health Physics Society 

Association of Military_ Surgeons of the United States 

location 
Kirkland, Washington 

Employment history 
1998- Present: Senior Associate, AMEC Earth & Environmental, Inc., 

1997- 1998: Director, Environmental Sciences, Garry Struthers Associates, Inc. 

1996- 1997: Certified Industrial Hygienist, Prezant Associates, Inc. 

1987- 1996: President/Principal, Environmental Health Sciences, Inc. 

1986 - 1987: Director, Operations and Planning. Hanford Environmental Health Foundation, 
lnc./NHS, Inc. 

1980 - 1987: Man~ger, Environmental Health Sciences Division, Hanford Environmental Health 
Foundation, lnc./NHS, Inc. 

1979- 1980: Corporate Industrial Hygienist, Union Carbide Corporation 

1976-1979: Manager of Industrial Hygiene, Union Carbide Corporation 

1974- 1976: Industrial Hygienist, U.S. Atomic Energy Commission/United States Energy Research 
and Development Administration 

Resume AMEC Earth & Environmental Gilmore_Master Resume.doc. 
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Robert D. Gilmore 

Project Experience 

Indoor Air Quality Services, Bellevue School District: Mr. Gilmore served as a technical consultant for 
the assessment of indoor air quality issues in elementary, middle school, and high school facilities. Services 
included monitoring indoor air quality for physical, chemical, and biological parameters; preparing technical 
reports; assisting in the assessment and mediation of claims; and recommending corrective actions when 
indicated. 

Indoor Air Quality Services, Safeco Insurance Company: Mr. Gilmore served as a technical consultant 
for multiple projects involving claims for property damage and/or personal injury related to adverse indoor air 
quality. Typical projects involved assessment of mold and related biologicals following extensive 
water/moisture damage. Projects also involved testing for trace gaseous contaminants. Assigned tasks 
included review of consultant and engineering reports, claims, and litigation support. 

Northgate Delta Building, Seattle, Washington: Mr. Gilmore was responsible to conduct an indoor air 
quality assessment at the Northgate Delta Building (Washington Dental Services). The assessment protocol 
included HVAC inspection and evaluation, general conditions walk-though, data Jogging monitoring for C02, 

CO, temperature, humidity, and PM10 particulate, as well as sampling for formaldehyde. 

Underground Storage Tanks, Snohomish County Public Utility District: Mr. Gilmore served as the 
Project Manager and Senior Consultant for the environmental site assessment, conceptual design report, 
plans and specifications, permitting, and construction oversight for the removal, replacement and/or 
renovation of ten underground storage tanks (USTs) at a major urban operations center and one tank at a 
remote site in the CaScade mountains. The tanks served a major fuel dispensing operation (four tanks -
15,000 gallons each), transformer oil storage (three tanks B 6,000 gallons each), chemical waste storage 
(500 gallons), and stand-by emergency generators (280 and 1,000 gallons). The project included removal 
and replacement of the transformer oil tanks (including one stainless steel tank to meet unique product 
quality standards); inspection, renovation and upgrade of the fuel tanks; removal and closure of the waste 
tank site; closure of one emergency generator tank in-place and replacement with an aboveground storage 
tank (AST); and piping and filling upgrades to the remaining generator tank. Task included design of new 
fuel dispensing systems, card-lock control systems, liquid level monitoring systems, cathodic protection 
systems, and related structures and controls. 

Superfund Site Redevelopment Project, Terminal18 Redevelopment Company: Mr. Gilmore currently 
serves as the AMEC Project Manger for the oversight and technical services tasks associated with the 
demolition of over 130 structures and contaminated soils on this Supeliund site. The Terminal18 
Redevelopment Project will increase the container cargo capacity of Terminal18 on Harbor Island, Seattle, 
Washington, by expanding the area for container cargo marshalling, a water-dependent use, through 
redevelopment of adjacent industrial sites and by improving container handling efficiency through 
construction of improved and expanded intermodal rail facilities. The project is entirely located on Harbor 
Island and includes all of the existing Terminal 18; properties and rights-of-way proposed to be added to the 
terminal; properties proposed for public shoreline access, transportation improvements, and parking to 
support the marine terminal use; and improvements within public rights-of-way. 

AMEC Earth & Environmental was retained as the prime environmental consultant, geotechnical engineer of 
record, and materials inspection and testing service provider for the Terminal 18 redevelopment project. 
AMEC is a prime sub-contractor to Morrison -Knudsen Corporation for this design/build project. AMEC is 
involved in all aspects of environmental work from planning to post-construction monitoring. The scope of 
environmental tasks includes health and safety technical services. 
AMEC is responsible for technical services for environmental management, including permitting and 
approvals, geotechnical and materials engineering, site specific environmental protection plans, 
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quality assurance/quality control, aquatic/terrestrial habitat assessment and restoratiOn, manag~ment 
of environmental remediation, public consultation/information, and post-construction monitoring. 

I 
I 
I 

AMEC is providing environmental management through a team of professionals dedicated specifically to the 
Termin~l 18 Project. !his assures ~~ntinuity through planning, de~ign, constru~ion ahd mo~itoring phases of I 
the proJect. A strategtc regulatory lratson protocol has been established, promottng cooperattve and 
constructive project review, and allowing the AMEC team to rapidly review and implement environmental 
mitigation measures B resulting in environmental protection with no delay in construction or costly overruns. I 
Expert Witness. McGavick Graves, PS: Mr. Gilmore served as an expert witness and technical consultant 
for the defendant in a litigation involving claims of negligence and personal injury to multiple employees in a 

1 plastic component manufacturing operation. He provided review of client records, regulatory agency 
inspections, consultant reports, claims, depositions and plaintiff experts. Prepared t8chilical analysis of 
historical data, developed written reports of opinions, and served as an expert witness,· Mr. Gilmore assisted 

1 in the identification, selection, and briefing of additional witnesses including medical experts and 
process/ventilation engineers. · 

Consultation and Technical Services for Asbestos, Berger/ABAM Engineers, lrlC.: Mr. Gilmore served 
as a technical consultant for the assessment of work practices, procedures, and regulatory requirements for I 
the removal of asbestos containing materials at a former U.S. Air Force Base being cohver:ted to use by the 
U.S. Bureau of Prisons. His tasks involved assessment and document development for a unique method of 
removal of asphalt impregnated asbestos in coating systems used on earth covered concrete. ammunition I 
bunkers that were to be demolished. Mr. Gilmore's tasks included negotiating work practice. and waste 
disposal agreements with the local air pollution control authority and regional U.S. Environmental Protection 

.Agency officer-in-charge. The successful completion of this project resulted in significant construction related. 
· cost savings to the U.S. Bureau of Prisons. 

Consultation and Technical Services for Asbe_stos, R.W. Rhine, Inc.: Mr. Gilmore served as a technical 
consultant for the assessment of work practices, procedures, and regulatory requirements for the removal of I 
asbestos, lead, and other regulated and/or potentially hazardous materials encountered in structural 
demolition projects. Typical projects included port facilities and urban multiple story builqings in high
visibility/high-risk areas such as hospital complexes. His tasks included work practice review, preparation of I 
site-specific documentation including work plans, monitoring data review and approval, regulatory agency 
interface, and consultation with the owners of the structures. 

Technical Training Services, Associated General Contractors, Multiple Projects: Mr. Gilmore 
developed and presented training programs in such construction related areas as asbestos abatement. 
fugitive dust controls, and environmental liability management. Programs were developed under grants by 
regulatory agencies and association members. Training sessions are presented on a regular basis 
throughout the state of Washington. 

I 
I 

Compliance Audits/Program Reviews - US Department of Energy Facilities (Nationwide): Mr. Gilmore 

1 served as a lead compliance auditor and program reviewer of health, safety, and environmental protection . 
activities at government-owned contractor-operated facilities involved in nuclear weapons 
assembly/disarmament, materials production, research and development, decommissioning and demolition, 
and environmental restoration. Facilities inspected included National Laboratories, uranium enrichment and I 
fuel production complexes, strategic petroleum reserves, electronic manufacturing and assembly operations, 
construction sites, and environmental remediation demonstration sites. Facilities were located in 
Washington, Idaho, Nevada, California, New Mexico, Colorado, Ohio, Tennessee, Illinois, New York, South I 
Carolina, Kentucky, Florida, Louisiana and Texas. This project included multiple task assignments over a 
five-year period, including assignment to "Tiger Teams~ (investigative teams formed at the direction of the 
Secretary of Energy) engaged in comprehensive environmental, health and safety assessments. His tasks I 

I 
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Robert D. Gilmore 

routinely included OSHA-type compliance inspections; process safety reviews; readiness and pre-occupancy 
reviews; permits and other regulatory compliance documentation review; program audits, policy and 
procedure reviews; and performance assessments. 

University of Washington, OSHA Regional Training Center, Guest Instructor: Mr. Gilmore served as an 
instructor in OSHA 500: Trainer Course in OSHA Standards for the Construction Industry and OSHA 501: 
Trainer Course in OSHA Standards for General Industry. The courses were designed as "train the trainer" 
courses to enhance regulatory compliance within both general industry and construction. 
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J. Michael Harris, C.I.H. 
Senior Project Manager 

Professional summary 
Mr. Harris is a senior·level consultant and project manager with over 19 years .of quantifiable 
achievement. He has directed environmental projects and occupational safety and he81th programs 
for a diversified clientele including government agencies, military, aluminum manufacturing, 
aerospace, educational, commercial and industrial clients. His project experience has fanged from 
remediation of environmental hazards (including, but not limited to, arsenic, cadmium, hexavalent 
chromium, and mercury),· to regulated materials abatement project design and management for large 
capital improvement projects. A certified industrial hygienist, Mr. Harris is also accredited in all 
AHERA disciplines. 

Professional qualifications 
Certified Industrial Hygienist #CP-8177 

AHERA Project Designer, 1995 

AHERA Building Inspector, 1987 

AHERA Management Planner, 1987 

40-Hour Hazardous Waste Operations and Emergency Response, 1994 

Education 
B.A .. Chemistry, University of Hawaii, Manoa, 1983 

Memberships 
Diplomate, American Board of Industrial Hygiene 

Location 
Kirkland, Washington 

Summary of core skills 

Industrial Hvoiene Services 
Mr. Harris has served as a technical consultant for a variety of industrial hygiene issues. He has 
provided exposure-monitoring services for construction and industrial clients, as well as performed 
indoor air quality investigations and regulated materials sUiveys in schools, medical facilities. offices 
and private residences. Mr. Harris is expertly skilled at hazard recognition and development and 
application of control measures necessary to reduce exposures to identified hazards. Originally 
trained as an analytical chemist, Mr. Harris has a thorough understanding of field and laboratory test 
methods and sampling techniques that can be utilized for industrial hygiene investigations, providing 
the best data available for the concern at hand. 

Hazardous Materials Management and Testing 
Mr. Harris has participated in many diversified hazardous materials abatement projects, designed 
abatement plans, authored health and safety plans, and provided supervision of consultants and 
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J. Michael Harris 

contractors during the execution of hazardous materials abatement. Projects Mr. Harris· has 
participated in include: Removal of Ethylene Dibromide for Dole Pineapple, Oahu, Hawaii, .Mercury 
Cleanup of Kalaupapa Lighthouse, Molokai, Hawaii, Hazardous Wasle Cleanup of Honplulu Shipyard, 
Oahu, Hawaii, Removal of DDT from Auburn Social Security Office, Auburn, Washington, Whidbey 
Island Naval Shipyard Steam Plant Improvements, Oak Harbor, Washington, and .numerous other 
asbeslos, lead and PCB projects. · 

Industrial Materials Management and Planning 
Mr. Harris is the Health and Safety Coordinator for the Seattle AMEC office. He oversees all aspects 
of health and safety during construction/demolition and hazardous materials abatement activities. Mr. 
Harris has written health and safety plans that' cover all aspects of construction/demolition, 
manufacturing and industrial processes, Phase II site assessments and hazardOus materials 
emergency response and abatement. Also a well-known environmental and occupational safety 
trainer, Mr. Harris has taught classes in all AHERA disciplines for asbestos, Hazard .Communication, 
Hazard Waste Operations and Emergency Response, Lead Awareness, Silica Awareness and many 
other topics. 

Employment history 
2003- Present: AMEC Earth & Environmental, Senior Project Manager, Kirkland, Washington 

2000-2002 and 1993-1995: Med-Tox Northwest, CIH/Senior Projecl Manager, Auburn, Washington 

1997-2000: Pacific Rim Environmental, Operations Manager, Tukwila, Washington 

1996- 1997: Shapiro and Associates, Industrial Hygienist, Seattle, Washinglon 

·1991-1993: Champion International Corporation, Safety Engineer, Canton, North Carolina 

1985- 1990: Pacific Marine, Ltd., Chemist/Operations Manager, Honolulu, Hawaii 

1984-1985: INALAB, Laboratory Supervisor, Honolulu, Hawaii 

Detailed core skills or details by project 

Minne-Tohe Health Facility, New Town, North Dakota: Mr. Harris performed a comprehensive 
mold inspection of the Three Affiliated Tribes Minne-Tohe Health Facility and residential quarters. 
Results of this inspection resulted in the closing of one administration building due to high airborne 
fungi concentrations. Working with Indian Health SeiVices (IHS), Mr. Harris developed specifications 
specific to mold abatement, developed budget estimates and contract design documents, as well as 
providing mold awareness training to IHS personnel. 

Port of Seattle Capital Improvement Projects, SeaTac, Washington: As senior project manager, 
responsible for directing project monitors in their daily activities. Provided asbestos awareness 
training for Port employees, contractors and vendors. Tasked as hazardous materials project 
designer for Main Terminal Seismic Improvements Ticketing, Mezzanine, and Penthouse projects. 

Space Needle Regulated Materials Abatement, Seattle, Washington: Mr. Harris served as the 
primary regulated materials (asbestos, lead, PCB's) consultant for The Space Needle, Inc. during 
demolition, renovation and new construction on the Plaza, Restaurant, and Observation Levels. 
Duties included conducting inspections for regulated materials, providing specifications and contract 
documents for the abatement of identified regulated materials, project oversight of abatement 
contractor activities, and project closeout documentation. 
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Alcoa Aluminum, Malaga, Washington: Mr. Harris performed a comprehensive facility-wide audit of 
asbestos-containing materials, as well as providing specifications and abatement contract oversight. 
Mr. Harris also provided Alcoa employees with site-specific asbestos awareness and hazard 
communication training as required by WISHA. 

Asbestos Site Monitoring, Boeing, Aircraft, Everett, Washington: Mr. Harris provided onsite 
Phase Contrast Microscopy (PCM) for D&G Mechanical, Inc. during time-sensitive asbestos removal 
projects at Boeing's Paine Field Facilities. Responsible for collection of_ all contractor and quality 
control air sampling specific to asbestos removal, as well as daily documentation of contractor 
activities. 

Hines Corporation, Bellevue, Washington: Mr. Harris led the regulated materials inspection team, 
provided regulated materials abatement specifications and contract drawings, alid provided project 
oversight during the demolition of pre-existing structures for Hines Corporation's 112 @ 121h Project in 
Downtown Bellevue. 

Ledcor Industries, Bellevue, Washington: Mr. Harris conducted regulated materials inspections, 
project design and project oversight for abatement of a fifty-six unit housing area scheduled for 
demolition to make way for a Costco Store on 381

h Street in Tacoma. Onsite PCM analysis performed 
on this project, resulting in an increase of the demolition schedule. 

Weyerhaeuser Corp., Everett, Washington: Mr. Harris directed the project monitors assigned to 
provide ensile PCM analysis during the demolition of the old Weyerraeuser Corporation Pulp Mill in 
Everetl, Washington. He also provided "alternate means of control plans~ for the demolition of the 
240-foot smoke stack covered with asbestos-containing materials. 

Pulp and Paper Mill Modernization Project, Canton, North Carolina: Mr. Harris was responsible 
for contractor health and safety during a $300-million renovation/construction project. Conducted air 
monitoring, inspections and investigations throughout the project area for a work force of up to 1 ,300 
construction personneL Approved contractor work plans, confined space entry permits, pipe breaking 
permits, periormed post-abatement visual inspections, and quality control air monitoring for employee 
exposure to asbestos, lead, chlorine, chlorine dioxide, methyl mercaptans, sulfur dioxide, and other 
site-specific airborne hazards. 
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